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(57) Abstract 

A computer-implemented method for compressing a portfolio of financial instruments is described. Financial instruments to be 
compressed are identified, and a compressed subportfolio corresponding to the identified financial instruments is generated. The compressed 
subportfolio and any non-compressed financial instruments are then combined into a compressed portfolio. 
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COMPUTER-IMPLEMENTED METHOD AND APPARATUS 
FOR PORTFOLIO COMPRESSION 

Background of the Invention 

The present invention relates generally to the field of data processing, and in particular to 
a computer-implemented method and apparatus for compressing a portfolio of financial 
instruments to enable, for example, more efficient risk management processing than is otherwise 
5 achievable with an uncompressed portfolio. 

Risk management is a critical task for any manager of a portfolio of market instruments, 
and accurate and efficient risk measurement is at the core of any sound enterprise-wide risk 
management strategy. Given the relatively-complex mathematical calculations necessary to 
accurately measure risk, financial institutions generally use some form of computer-implemented 

10 "risk management engine." As explained below, however, existing risk management engines 
may be insufficient to adequately deal with the large, complex portfolios maintained by many 
financial institutions. 

It is not unusual for large and medium-sized financial institutions, such as banks or 
insurance companies, to require a risk management engine that allows the computation of daily 

15 Value-at-Risk (VaR) estimates of an entire portfolio, which may contain several hundred thou- 
sand positions, including substantial volumes of complex derivative products such as swaps, caps 
and floors, swaptions, mortgage-backed securities, and so on. Moreover, these several hundred 
thousand positions may have to be evaluated over hundreds or even thousands of different 
scenarios. To further complicate the task, these financial institutions may require decision 

20 support tools for managers and traders that allow performance of inter-day calculations in near- 
real time. 

In general, financial institutions are required to measure their overall risks for regulatory 
purposes and as a basis to manage their capital more efficiently. While the former has been 
driving the development of risk oversight programs in financial institutions worldwide in the last 

25 few years, the latter provides a high value-added to those willing to make the investment. 

Traditionally, portfolio managers have been using standard deviation and variance to measure 
their portfolio risk. This practice is based on modern portfolio theory, as described in, for 
example, Harry Markowitz, Portfolio Selection, The Journal of Finance, vol. 7, no. 1 (1952), and 
W.F. Sharpe, Capital Asset Prices: A Theory of Market Equilibrium Under Conditions of Risk, 

30 The Journal of Finance, vol. 19, no. 3 (1964). However, in the last decade, both regulators and 
businesses have embraced more general (and perhaps more sophisticated) measures such as 
Value-at-Risk. VaR gives the maximum level of losses that a portfolio could incur, over some 
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predetermined period of time, with a high degree of confidence. For regulatory purposes, for 
example, the time period may be set to 10 days, and the one-sided confidence interval to 99%. 
See, e.g., Planned Supplement to the Capital Accord to Incorporate Market Risks, Basle 
Committee on Banking Supervision, Bank of International Settlements, Basle, No. 16 (April 
5 1 995). Although VaR can be expressed as a multiple of the portfolio standard deviation in some 
simple cases, su^h as when portfolios are normally distributed, this generally is not the case. 

There are different methods available to estimate VaR, depending on the assumptions one 
is willing to make with respect to the possible future market moves and the complexity of the 
portfolio. Such methods are described generally in RiskMetrics™ Technical Document, Morgan 

1 0 Guarantee Trust Company Global Research (4th ed. 1996), and Phillipe Jorion, Value at Risk; 

The New Benchmark for Controlling Derivatives Risk (Irwin Professional Publishing 1 997). The 
most generally-applicable method is based on simulation, either historical or so-called "Monte 
Carlo" simulation. In particular, some simulation may be unavoidable to get an accurate picture 
of risk when a portfolio contains substantial positions in instruments with optionality, such as 

15 options, convertible bonds, mortgages and loans with embedded options. However, given the 
complexity and computational requirements of known simulation methods, users must trade 
accuracy for price, time and ease of implementation. Moreover, full simulation of very large and 
complex portfolios, such as those encountered in many financial institutions today, may not be 
achievable in a reasonable time period even with top-of-the-line computers. For example, a VaR 

20 estimate of a large, complex portfolio over several thousand Monte Carlo scenarios could easily 
take several hours, if not days, for a top-of-the-line work station. Indeed, even the simple task of 
loading and storing large portfolios can be onerous and time consuming. 

In an effort to address the practical problems associated with risk measurement for large 
and/or complex portfolios, it is known to adopt an approach in which a subject portfolio (also 

25 called the "target" portfolio) is first divided into a "linear" subportfolio and a "non-linear" 

subportfolio. The former would contain all of the instruments having little or no optionality, 
while the latter would contain all of the options. In a typical institution, the linear portfolio might 
comprise 70-95% of the total portfolio positions. However, given their nature, the risks 
embedded in option positions may be substantial. The next step in such an approach is to 

30 measure the risk of these subportfolios separately. For the linear subportfolio, one could apply, 
for example, a "delta-normal methodology" such as that described in the above-cited 
RiskMetrics™ Technical Document, By assuming linearity of the subportfolio and normal 
distributions, this analytical method has moderate computational requirements. For the options, 
some basic, perhaps limited, simulation can be applied. Finally, an estimate of the risk of the 
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target portfolio is taken as the sum of the individual subportfolio risks. 

A significant problem with this approach, however, is presented by the last step. To 
illustrate, consider a simple example where a trader sells a call option on a given bond and 
immediately buys a hedge on the underlying bond. Although the bond clearly reduces the 
portfolio's risk, the above-described methodology would indicate that the VaR of the portfolio 
has increased (and in fact almost doubled). In general, a mix of methodologies may grossly 
overestimate VaR since it fails to account for the main principles of risk management: hedging 
and diversification. This may result in undesirable penalties for good risk management policies. 

In view of the shortcomings with known approaches for risk management of large and/or 
complex portfolios, including but not limited to the shortcomings discussed above, it is apparent 
that there is a need for a computer-implemented process that is capable of representing such 
portfolios in a compact way, and that achieves such compression (e.g., loads instruments, 
generates cashflows, compresses, etc.) quickly and efficiently. Likewise, in contrast to the 
division approach discussed above, there is a need for a single methodology that enables 
measurement of risk across an entire portfolio. Such a single methodology should offer sufficient 
computational efficiency to permit accurate risk measurement to be completed in a reasonable 
time period regardless of the size and/or complexity of the target portfolio. Embodiments of the 
present invention satisfy these and other needs. 

Summary of the Invention 

The present invention is generally directed at providing improved tools for risk 
management of large and/or complex portfolios of financial instruments. In accordance with 
particular embodiments of the invention, as described herein, a "compressed portfolio" is 
generated for a given target portfolio of financial instruments. In general, the compressed 
portfolio is a relatively smaller and/or simpler portfolio that closely mimics the behavior of the 
target portfolio, but that requires orders of magnitude less computer memory to store and orders 
of magnitude less computational time to value. Thus, the compressed portfolio can be used, for 
example, for risk measurement analyses instead of the target portfolio, thereby providing 
substantial improvements in computer resource usage with little or no reduction in accuracy. 

In accordance with one particular embodiment, a computer-implemented method for 
compressing a portfolio of financial instruments is provided. Financial instruments to be 
compressed are identified, and a compressed subportfolio corresponding to the set of financial 
instruments to be compressed is generated. The compressed subportfolio and any non- 
compressed financial instruments are then combined into a compressed portfolio. 
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Brief Description of the Drawings 

Fig. 1 is a block diagram illustrating a computer-implemented apparatus for portfolio 
compression in accordance with an embodiment of the present invention. 

Fig. 2 is a block diagram illustrating a particular implementation of a compression engine 
5 in accordance with the embodiment shown in Fig. 1 . 

Fig. 3 is a flow diagramillustrating a general method for portfolio compression in 
accordance with an embodiment of the present invention. 

Fig. 4 is a flow diagram illustrating a method for portfolio compression in accordance 
with another embodiment of the present invention. 
10 Fig. 5 sets forth a notation convention applicable to a scenario-based compression 

technique that can be applied by an apparatus configured in accordance with the embodiments 
illustrated in Figs. 1-4. 

Fig. 6 illustrates an example of a set of cashflows produced by application of delta 
bucketing compression according to an embodiment of the present invention. 
15 Fig. 7 illustrates an example of a set of cashflows produced by application of analytical 

compression according to an embodiment of the present invention. 

Detailed Description 

Embodiments of the present invention are directed to providing advanced portfolio tools 
20 for reducing the substantial computational requirements of modern portfolio management. In 

accordance with such embodiments, a "compressed portfolio" is generated for a target portfolio, 
and risk measurement calculations are then performed on the compressed portfolio. As used 
herein, the term "compressed portfolio" contemplates a relatively small and/or simple portfolio 
that behaves almost identically to an original large and/or complex portfolio, but that requires 
25 orders of magnitude less computer memory to store and orders of magnitude less computational 
time to value. For most purposes, a compressed portfolio need not mimic an original portfolio 
forever and under every possible state of the world, but rather only during a specified period of 
interest and over a range that certain specified market factors may take during that period. In 
addition to computational tractability, compressed portfolios are also powerful tools enabling risk 
30 managers to better understand and actively manage their portfolios. By representing portfolio 

behavior in simpler terms, one can gain insight into the exposures of large portfolios and identify 
possible remedial actions. 

Embodiments of the present invention may be implemented, for example, using a so- 
called "compression engine." Given a target portfolio of financial instruments, a compression 
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engine provides a means for creating a compressed portfolio consisting of simpler and/or fewer 
instruments that will replicate the behavior of the target portfolio over a range of possible market 
outcomes for a pre-defined period in the future. The computational effort to perform a risk 
analysis of the compressed portfolio is substantially less than that of the target portfolio. 
Furthermore, given its simplicity, the compressed portfolio provides abetter understanding of the 
market risks facing the holder. 

A general goal of such a compression engine is to preprocess a portfolio before 
attempting to simulate the portfolio's performance over a range of possible market scenarios. 
The product of this preprocessing stage is generally a smaller and simpler portfolio that is orders 
of magnitude faster to simulate, but that behaves almost identically to the original portfolio and 
contains the same risk. 

In practice, implementing an efficient process for portfolio compression is not a straight- 
forward task. Given the nature of any particular portfolio and the objective(s) of any particular 
analysis, different compression methods may be more appropriate for different instruments. For 
example, various options may be compressed optimally with one analytical technique, while 
instruments without optionality may be better compressed using a different analytical technique. 
Accordingly, embodiments of the present invention provide compression engines that are both 
robust and extendible. 

To a limited extent, a compression engine in accordance with embodiments of the present 
invention may be used in a manner similar to the technique described above whereby an estimate 
of a portfolio's risk is determined by dividing the target portfolio and applying different 
techniques to each subportfolio. A principal difference, however, is that the portfolio 
compression techniques described herein make it possible to avoid the problematic last step 
where the total risk is derived simply by summing the risks of the respective subportfolios. Here, 
the VaR of the target portfolio can be obtained by doing a single simulation of the "total com- 
pressed portfolio," given by the sum of the individual compressed portfolios. Thus, portfolio 
compression techniques such as those described herein fully capture portfolio diversification, 
hedging and correlations among individual positions. 

To illustrate the robustness of a compression engine in accordance with embodiments of 
the present invention, it is possible to implement an embodiment (described further below) with a 
compression engine that implements two different methodologies for compressing portfolios: 
analytical compression and scenario-based compression. Analytical compression exploits the 
analytical properties of cashflow portfolios. This technique is perhaps best suited for fixed 
income portfolios without optionality, although it may be generalized to portfolios with options. 
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Scenario-based compression, on the other hand, is based on stochastic optimization techniques 
and is best suited for portfolios with options. Thus, the compression engine offers a robust 
implementation capable of handling multiple types of portfolios. Moreover, the extensibility of 
such compression engines allows the ready implementation of other compression methodologies. 
5 Analytical compression is a practical and powerful methodology for the approximate 

representation of large cashflow portfolios that exploits their mathematical properties. The 
rationale behind analytical compression is relatively straight- forward. To calculate the 
distribution of portfolio values in the future using a standard simulation, scenarios are usually 
generated in "risk factor space" (i.e., input) without further information about the subject 

10 portfolio. Risk factor space refers to the space of all risk factors including, for example, interest 
rates, foreign exchange rates, volatilities, index levels, and so on. Thereafter, the portfolio is 
fully valued under all of those scenarios. Clearly, however, what the analyst is interested in is the 
portfolio's distribution (i.e., output). Hence, making use of the properties of the portfolio before 
sampling (i.e., before Monte Carlo generation) results in more efficient calculations. This has an 

1 5 effect similar to applying a variable transformation that captures the portfolio's properties. In 
addition to the compression of risk factor space, the exploitation of these underlying properties 
leads to a compact representation of the portfolio. Thus, the extra analytical work yields orders 
of magnitude increases in computational performance and substantial savings in terms of data 
storage requirements. In short, the results of analytical compression are (1) a new, compressed 

20 representation of a target portfolio by a small number of simple instruments (e.g., bonds) that 

depend on a new, smaller set of risk factors, and (2) an exact process that describes the behavior 
of the new underlying risk factors as a function of the original ones. The mathematical 
underpinnings of analytical compression are described below with reference to particular 
embodiments of the present invention. Further details can be found in Ron Dembo et aL, 

25 Analytical Compression of Portfolios and VaR 9 Algorithmics Technical Paper No. 96-01 (1997), 
which disclosure is incorporated herein by reference. 

-In contrast to analytical compression, scenario-based compression is an especially 
effective technique for compressing portfolios that contain options. The technique draws on 
stochastic optimization methods called "scenario optimization," described in Ron Dembo, 

30 Optimal Portfolio Replication, Algorithmics Technical Paper No. 95-01 (1997), and "optimal 
portfolio replication," described in Ron Dembo and Dan Rosen, The Practice of Portfolio 
Replication, Algorithmics Technical Paper No. 98-01 (1997). Analytical compression may be 
implemented, for example, using embodiments of the inventions described in U.S. Patent No. 
5,148,365, issued on September 15, 1992 and titled "Scenario Optimization " and recently- 
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allowed U.S. Patent Application No. 08/866,303 titled "Method and Apparatus for Optimal 
Portfolio Replication.*' The disclosures of these four references are incorporated herein by 
reference. 

In general, for a target portfolio comprised of a given set of market-traded instruments, 
scenario optimization aims to find the best possible "replicating portfolio" that replicates the 
behavior of the target portfolio over a range of discrete market outcomes, or scenarios. For 
purposes of portfolio compression, the replicating portfolio does not necessarily have to be made 
up of market-traded instruments, as long as one has good models to generate "fair market prices" 
for the replicating instruments. In practice, as discussed further below, it is possible to generate 
the proper scenarios and replicating instruments that will lead to an effective replication of a 
given portfolio by using simple rule-based systems. The mathematical underpinnings of 
scenario-based compression are described below with reference to particular embodiments of the 
present invention. 

Referring now to Fig. 1, in accordance with a first embodiment of the present invention a 
computer-implemented apparatus 10 is provided for performing portfolio compression. 
Computer-implemented apparatus 10 may run under any suitable architecture providing sufficient 
computing power and storage capacity. It may operate as a standalone system, or may be 
integrated, for example, as part of a larger system of financial analysis tools. 

In the embodiment shown in Fig* 1, computer-implemented apparatus 10 includes a 
processor 12 for performing logical and analytical calculations. Processor 12 may comprise, for 
example, a central processing unit (CPU) of a personal computer, but may alternatively include 
any other type of computer-based processor capable of performing such functions. In one 
particular implementation, for example, processor 12 could operate on a 'TJNIX" brand or other 
"POSDT-compatible platform under "MOTIF/X WINDOWS" or "WINDOWS NT." Processor 
12 is coupled to a memory device 18 comprising, for example, a high-speed disk drive. An input 
device 14 is also coupled to processor 12, enabling a user to enter instructions and other data. 
Input device 14 comprises, for example, a keyboard, a mouse, and/or a touch-sensitive display . 
screen. Input device 14 alternatively, or in addition, may comprise a real-time data feed for 
receiving an electronic representation of financial instruments. For example, input device 14 
could provide a connection to an electronic data network (e.g., the Internet) through a modem 
(not shown) or other suitable communications connection. Computer-implemented apparatus 10 
also includes an output device 16, such as a video display monitor and/or a laser printer, for 
presenting textual and graphical information to a user. In one particular implementation, 
processor 12 is capable of executing application programs written in the "C++" programming 
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language using object-oriented programming techniques, but the present invention is not limited 
in this regard. 

In the present embodiment, processor 12 is capable of executing a compression engine 20 
configured to perform portfolio compression. In this particular embodiment, compression engine 
5 20 comprises a software module including executable instructions for carrying out various tasks 
and calculations related to portfolio compression, but persons skilled in the art will recognize that 
firmware- and/or hardware-based implementations are also possible. Compression engine 20 can 
be used, for example, to analyze the risk of a large and complex portfolio, or to analyze the 
performance of a number of hedges against potential losses for a given portfolio. The portfolio 

10 compression techniques taught herein are well-suited to such uses because of the improved 
processing speed and efficiency they provide. 

In accordance with the present embodiment, a user may use input device 14 to enter 
information describing the composition of a target portfolio (i.e., the portfolio to be compressed), 
including, for example, the number and type of financial instruments in the target portfolio. 

15 Alternatively, or in addition, information about the target portfolio could be provided through a 
real-time data feed. In either case, the information is input to compression engine 20, and may 
also be stored in memory device 18. After compression engine 20 completes its processing, the 
compressed portfolio is presented on output device 16 in the form of, for example, graphs, textual 
displays and/or printed reports. In addition, an electronic representation of the compressed 

20 portfolio may be stored in memory device 18 for later output to other tasks within computer- 
implemented apparatus 10, and may also be written to a portable storage device (not shown) such 
as a CD-ROM or one or more diskettes. 

According to a particular implementation of the embodiment shown in Fig. 1, as 
illustrated in Fig. 2, compression engine 20 can be configured to include a number of sub-mod- 

25 ules corresponding to various tasks for accomplishing portfolio compression. Persons skilled in 
the art of software design will recognize, however, that any particular software configuration is 
generally only a matter of design choice. As shown, in this implementation compression engine 
20 includes an instrument load module 24, a sorting module 26, a compression module 28, and an 
aggregation module 30. These various modules can be configured to pass information from one 

30 module to the next (e.g., by passing parameters comprising addresses for locations in memory 

device 18), or the modules may be given access to common data stores within memory device 18. 
In any event, the present invention is not limited to any particular implementation. 

Fig. 3 contains a flow diagram describing a general embodiment of a method for portfolio 
compression that may be implemented using, for example, the apparatus illustrated in Fig. 1. In 



WO 98/54666 PCT/CA98/00519 

-9- 

accordance with this embodiment, a target portfolio containing a collection of financial 
instruments is first sorted into compressible and non-compressible instruments (Step 100). This 
step may be accomplished, for example, by instrument load module 24 and sorting module 26 of 
the embodiment illustrated in Fig. 2. Next, a compressed subportfolio is generated for the 
compressible instruments (Step 110) using, for example, compression module 28. Finally, the 
compressed subportfolio and the non-compressible instruments are combined into a single 
compressed portfolio (Step 120) using, for example, aggregation module 30. 

Of course, it is possible to implement an embodiment such that all of the financial 
instruments in the target portfolio are deemed to be compressible, in which case the method of 
Fig, 3 would essentially include only generation of the compressed subportfolio (Step 110). 
Thus, in the context of the present invention, the term "compressible" does not necessarily 
connote any particular characteristic of a financial instrument. Rather, the determination of 
whether a financial instrument is compressible can be user-driven. A given portfolio manager, 
for example, may be willing to accept a lower degree of confidence with respect to a compressed 
portfolio than another portfolio manager, and therefore may consider a particular financial 
instrument to be compressible where the latter porfolio manager would not 

By way of further illustration, Fig. 4 contains a flow diagram showing a method for 
portfolio compression in accordance with another embodiment of the present invention. This 
method may be implemented, for example, using an apparatus such as that illustrated in Fig. 1, 
although any other suitable computing apparatus may be used. Referring now to Fig. 4, in 
accordance with this embodiment a target portfolio of instruments 38 is to be compressed. To 
this end, instruments 38 are first input to a load instruments routine 40. Instruments 38 may be 
received, for example, as a collection of data packets defining the composition of the target 
portfolio. Electronic representations of the financial instruments in the target portfolio can be 
loaded from an external storage medium (e.g., a data warehouse, a database, a set of comma 
separated values (,csv) files). In some cases it may be desirable to load the data packets 
incrementally (e.g., in batches), such as where the size of the target portfolio makes it impractical 
to load information concerning all of the financial instruments into memory at one time (resulting 
in significant performance degradation due to disk swapping). In such cases, and with reference 
to the apparatus of Fig. 1, the size of each incremental load can be set through a parameter 
passed, for example, to compression engine 20 through a GUI (graphical user interface) or a 
configuration file, and would typically be based on limitations of memory device 18. 

After confirming the validity of the information conveyed in the received data packets 
using appropriate edit routines (not shown), the information describing the instruments in the 
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target portfolio is subjected to a sort and divide routine 42 where instruments 38 are first divided 
into subportfolios according to a set of predefined user preferences, or "key attributes." Key 
attributes may include, for example, information such as a counterparty, a discount curve, and so 
on. In one particular implementation, sort and divide routine 42 implements a new portfolio 
5 hierarchy representing a desired level of portfolio aggregation that a portfolio manager, for 

example, wishes to use for overall risk analysis. These subportfolios may then be further sorted 
or subdivided according to the set of compression techniques, if any, that will later be applied to 
them. Such further processing is desirable where, for example, a single compression technique is 
not ideal for all of the different types of financial instruments in the target portfolio. 

10 Some subportfolios generated by sort and divide routine 42 may consist of instruments for 

which compression is undesirable or unnecessary, and such subportfolios are immediately 
migrated to a temporary storage location (e.g., a location within memory device 18 corresponding 
to a cash account) for later aggregation with compressed subportfolios. There are several reasons 
why an institution might choose not to compress certain subportfolios. For example, the 

15 institution might wish to retain certain small subportfolios for further analysis. Likewise, the 
institution might not be able to compress certain subportfolios and still maintain a desired level 
of accuracy, or the available current compression techniques might not be well-suited for the type 
of instruments in a particular subportfolio. The remaining subportfolios, each of which will be 
compressed separately, are then passed to a cashflow generation routine 44 if they contain 

20 instruments with fixed cashflows, or directly to a compression routine 48 if they do not. 

Cashflow generation routine 44 generates cashflows for the instruments in an input 
subportfolio based on the financial description of each such instrument. For example, the 
cashflows of a fixed rate bond are generated from the maturity date, notional, and coupon rate. 
The output from cashflow generation routine 44 is a set of cashflows on specific dates in the 

25 future corresponding to the input instruments, and this output is passed to a first aggregation 

routine 46. Those instruments that are already represented by their cashflows are passed directly 
to aggregation routine 46. In aggregation routine 46, all of the cashflows that are discounted with 
a common interest rate curve are then aggregated (i.e., netted) into a single synthetic bond that 
pays the netted cashflows of all instruments at the specified times. This synthetic bond is 

30 denoted an "aggregated cashflow instrument," or ACL The output of aggregation routine 46 is 
thus a subportfolio containing one or more ACIs, as well as instruments that cannot be 
represented by fixed cashflows. Thus, whereas the input to aggregation routine 46 contained 
only real financial instruments traded by the institution, the output contains synthetic, non-traded 
instruments. For all intents and purposes, however, the input subportfolio and the output 
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subportfolio behave identically. Since it is quite common in fixed-income portfolios to have a 
very large number of instruments that either generate only fixed cashflows (or can be represented 
for valuation purposes as generating only fixed cashflows), the potential savings that results from 
this processing is enormous. In a particular implementation of this embodiment, aggregation 
routine 46 can be executed recursively as a target portfolio is incrementally loaded. 

As shown in Fig. 4, compression routine 48 receives subportfolios from aggregation 
routine 46 and/or sort and divide routine 42. In compression routine 48, subportfolios are 
generally compressed into a reduced, simpler set of instruments. Again with reference to the 
apparatus of Fig. 1, where compression engine 20 is configured to perform analytical 
compression, each set of fixed cashflows instruments, whose value depends on a single interest 
rate curve, is compressed to at most two cashflows. As with aggregation routine 46, compression 
routine 48 may be implemented to execute recursively as instruments are incrementally loaded. 
Compression routine 48 may be configured to perform an extended type of analytical 
compression to deal with options, although it may be more advantageous to implement a 
configuration of compression engine 20 that also is capable of performing scenario-based 
compression on subportfolios with options, since scenario-based compression generally results in 
compressed subportfolios that contain options as well. 

In addition to analytical compression and scenario-based compression, compression 
routine 48 is preferably configured to be extensible, thereby allowing for the integration of other 
compression routines. Thus, in general, the input to compression routine 48 is a subportfolio that 
may be subjected to one or more available compression techniques. The particular techniques 
applied may be dictated, for example, by a user or by characteristics of the portfolio to be 
compressed. The compressed instruments might appear to be real traded instruments, but they do 
not necessarily have to be traded for purposes of risk management. 

Finally, all of the subportfolios, both compressed and non-compressed, are passed to a 
second aggregation routine 50 to be combined into a single compressed portfolio 52. 
Compressed portfolio 52 can then be used, for example, as the basis for various risk assessment 
analyses of the target portfolio. 

Looking more closely at some of the routines in the embodiment illustrated in Fig. 4, in 
one implementation sort and divide routine 42 is configured to divide the input target portfolio 
(or a portion of the target portfolio, in the case of incremental loading) into smaller subportfolios 
by, for example, a sorting process based on some user-defined set of key attributes. Each key 
attribute is associated with a particular feature or characteristic of a financial instrument, and 
serves as a sort key on which the collection of financial instrument information can be sorted. 
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The judicious use of key attributes allows a user to refine the contents of each subportfolio to a 
level consistent with that user's particular risk management reporting objectives. A list of key 
attributes can be passed to sort and divide routine 42 using, for example, a GUI or a configuration 
file. 

5 The use of key attributes provides a convenient way to tailor the operation compression 

engine 20 to particular uses. For example, key attributes can be used to cause sort and divide 
routine 42 to generate subportfolios that are particularly directed to the performance of credit risk 
reporting. In such an implementation, an input portfolio can be partitioned based on attributes 
such as (a) the legal entities that were the counterparties in the associated transactions, and (b) the 

10 jurisdictions where the transactions were booked. Application of these key attributes will result 
in the input portfolio being divided into subportfolios associated with different legal entities, and 
further being divided into subportfolios associated with different jurisdictions. These 
subportfolios could be further divided based on instrument type (e.g., option, fixed income). It 
should be noted, however, that such a sorting approach is presented by way of example only. 

15 The most advantageous key attributes for any particular implementation will vary, for example, 
in accordance with the particular reporting needs of a given institution or a particular type of risk 
analysis. 

Since a target portfolio will most likely contain many different types of financial 
instruments, and since different instruments have different characteristics and are suitable for 

20 different compression methods, an institution may choose to compress only some of the 

instruments and use only some of the available types of compression techniques. Accordingly, in 
a variation on the example shown in Fig. 4, sort and divide routine 42 may apply an additional 
set of key attributes to further sort the instruments into subportfolios based on whether or not 
they will be compressed and, if so, the particular compression methodology(s) that will be 

25 applied. In other words, those instruments that will eventually be compressed are separated from 
those instruments that will not be compressed, and the instruments that will eventually pass 
through one or more of the compression routines are sorted into subportfolios based on the 
compression technique or combination of techniques that will be performed on them. Thus, in 
addition to specifying a list of key attributes to be used in creating a subportfolio hierarchy, a user 

30 may also specify the types of compression techniques that will be applied. By configuring 
compression engine 20 to include a function library for compression that is both flexible and 
extendible, users can be given the ability to vary the composition of the resulting subportfolios 
(in essence, a list of compressible instruments) according to the compression methodology 
desired. 
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Referring again to the embodiment shown in Fig. 4, the input subportfolios to cashflow 
generation routine 44 are comprised of instruments that either generate only fixed cashflows or 
can be represented for valuation purposes as generating only fixed cashflows. Such instruments 
include, for example, fixed rate bonds, floating rate notes, forward rate agreements, futures and 
forward contracts, foreign exchange forwards, fixed notional swaps and certificates of deposit. In 
many cases, cashflow instruments are advantageously represented in computer-implemented 
apparatus 10 in terms of their financial and accounting descriptions, and not directly as actual 
cashflows. Thus, cashflow generation routine 44 generates the cashflows of these instruments 
based on these financial descriptions. Nevertheless, for purposes of valuation, risk measurement 
and compression, it may sometimes be desirable to represent these instruments by a series of 
cashflows occurring at certain times in the future, in which case their present value is equal to 
these cashflows discounted at appropriate rates. For example, a given fixed rate bond may be 
described by its maturity, notional, coupon rate and coupon frequency. Future cashflows can 
then be determined completely from this information, and its mark-to-market valuation can be 
obtained by discounting the future cashflows using current market rates. Again, however, the 
particulars may vary in accordance with the particular needs of any given implementation. 

Turning now to first aggregation routine 46, as noted above this routine can be configured 
to generate a new type of instrument, called an aggregated cashflow instrument or ACI, for every 
interest rate curve. An ACI is simply a synthetic bond that pays the specified cashflows at the 
specified times. At this stage, all the generated cashflows that are discounted with the same 
discount curve are aggregated into a single ACI, and cashflows occurring on the same day are 
netted. The present value can thus be determined by discounting these cashflows using a single 
discount curve. For example, a portfolio consisting of 5000 fixed rate bonds in US dollars with 
maturities up to 10 years and paying semi-annual coupons would contain at most 100,000 
cashflows. After aggregation, these would be represented by one ACI with at most 2500 
cashflows (based on 250 business days per year). Since it is unlikely that these fixed rate bonds 
would have maturities covering every business day of the year, the actual number would 
generally be much less than this. Persons skilled in the art will recognize the substantial savings 
in terms of processing resources possible through such aggregation. Moreover, it should be noted 
that the subportfolio(s) output from first aggregation routine 46, containing those instruments that 
could not be represented by a fixed cashflow (e.g., options) and one or more aggregated cashflow 
instruments, has the same theoretical value and the same sensitivities to the previously-identified 
risk factors as the input subportfolio(s) since no approximations have been done. Other 
discounting approaches can alternatively be applied. The present invention is not limited in this 
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regard. 

As noted above, portfolio compression is generally a process whereby an input portfolio 
is represented using simpler instruments, using fewer instruments, or both. In one particular 
implementation of the embodiment shown in Fig. 4, compression routine 48 applies analytical 
5 compression to compress subportfolios containing a large set of cashflows into a much smaller 
set of cashflows, and also applies scenario-based compression to compress subportfolios 
containing options. Compression routine 48 is ideally designed to be extendible so that 
additional compression methodologies can easily be added in a modular way. Implementation of 
such extensible designs is well known in the field of software development. 

10 The following discussion describes both analytical compression and scenario-based 

compression in further detail, including mathematical support for the theoretical models 
underlying the respective compression techniques. It should be noted, however, that the present 
invention is by no means limited to only these compression techniques, nor to the particular 
application of these compression techniques set forth herein. 

15 The rationale behind analytical compression is relatively straight-forward. The basic 

approach is to seek a simpler space for approximating the portfolio with a set of basis functions, 
such that the stochastic process that the new risk factors follow can easily be found as a function 
of the original ones. In other words, the basic approach is to seek a lower-dimensional space for 
approximating the portfolio, such that the process of describing the portfolio price can easily be 

20 found as a function of the original risk factors. By expressing the portfolio in the right space and 
with the right functions, it is possible to achieve a reduction in dimensionality and a much 
smaller and simpler portfolio to process. By exploiting the functional properties of the portfolios 
and further using simulation techniques, the application of analytical compression provides 
substantial improvements in accuracy, and in flexibility, over known approaches to risk 

25 measurement, such as the "delta-normal" approach to estimating VaR popularized in J. P. 

Morgan's RiskMetrics™ methodology (see RiskMetrics™ - Technical Document, Morgan 
Guarantee Trust Company Global Research (4th ed. 1996)). Not only does analytical 
compression capture higher-order effects, such as convexity of bonds or gamma of options, but 
the resulting compressed portfolios can also be used directly in simulation with other complex 

30 derivative portfolios for on-line VaR calculations. 

Analytical compression bears some resemblance to known principal component 
techniques, where the changes in the risk factor space are captured in a low-dimensional 
projection of the original space. However, the mapping obtained through analytical compression 
is not necessarily linear and it optimally accounts for the behavior of the portfolio. Moreover, as 
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a "cashflow compression," analytical compression goes much further than standard cashflow 
bucketing techniques (discussed below) where, for example, cashflows at given times are mapped 
to their duration equivalents on adjacent, predetermined nodes. Not only does analytical 
compression preserve the global properties of the portfolio more accurately, but it also offers at 
least an order of magnitude improvement in processing time. To further illustrate the analytical 
compression technique, the principles and theory of analytical compression are described below 
in the context of a particular implementation for fixed cashflow portfolios. 

Byway of background, and as noted above, the Value-at-Risk (VaR) of a portfolio 
represents the maximum level of losses that a portfolio could incur over some predetermined time 
period with a high confidence. More formally, VaRJt), the VaR with confidence level a, for a 
period [0, /] , is given by the solution of the equation 



where V(R V t) denotes the value of the portfolio at time t; /^represents the vector of underlying 
(stochastic) risk factors; and a (one-sided) is typically 0.9 to 0.99. The time interval is usually 
between 1 and 10 days. 

Given this definition of VaR, consider a portfolio of fixed cashflows, C, > 0 at time /„ for 
i = 1, . . 7i. The present value of the portfolio today is given by 



where r = (r„ r 2s . . ., r n ) represents the vector of continuously compounded discount rates at each 
term. 

The "yield to maturity" of the portfolio, y, is the single rate at which all the coupons can 
be discounted to give the same portfolio value. Hence, it is given by the unique root of the 
equation 



Pr{V(R 0 , 0) - V(R V 0 <l VaR a (t)) =a 



(Eq. 1) 



a 



(Eq.2) 




(Eq. 3) 



This expression can be written more concisely as the identity 



V(r)=V y (y) 
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where, for simplicity, we denote V/y) - V(y,y, . - y). Note that the solution y to Eq. 3 is not 
unique if all cashflows do not have the same sign. 

The "modified duration" of the portfolio is defined as the (negative) derivative of V with 
respect to the yield, that is 

dV " 

D s -— ^ =2J c // ex P( (Eq- 4) 

4y <=i 

It should be noted that, given that the cashflows are fixed, the yield and duration of the portfolio 
at a given time can be seen exclusively as functions of the interest rate vector r. 

As shown above, the yield of the portfolio can be viewed as an alternative representation 
of the value of the portfolio. Thus, there is a one-to-one mapping between them. The yield 
further acts with a similar functional form as the rates to give the value of the portfolio. 

In view of the foregoing, to obtain the distribution of changes in value of the portfolio, 
and VaR, using the pricing function V/y), one first determines the distribution of the yield. This 
is not hard task if the joint distribution of the rates is known, since it can be shown that the 
instantaneous yield changes follow the equation 



n -v n 

d y=Y,^ L -d r rY,$r dr i (Eq.s) 

#=i or, <=i 



where 

dy C,-r,- e xp(-r,r,) 
fV=^- 5 n (Eq.6) 

We refer to p = (P„ P 2 , . . . , p„) as the vector of yield sensitivities. Note also that an interesting 
simple identity that arises directly from Eq. 2 and Eq. 6 is 



1 dy V(y) 

Zs- ^r=-^ L (Eq. 7) 

U t, Br, D(y) K 4 ' 



For a sufficiently large n and rapidly decreasing correlations, the distribution of yield changes, 
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dy, can be approximated by a normal distribution. This is true even for larger changes because of 
the central limit theorem. 

Since it is customary to assume that the relative changes of the rates follow a joint normal 
distribution, it is convenient to express Eq. 5 as 

5 

Then, the volatility of yield changes can be computed as 

° 2 a, = E Wj a Pj r rjPv (Eq, 9) 

where o, represents the volatility of the i-th return, and the p (> are the entries in the correlation 
matrix. In matrix form this can be more compactly expressed as 

10 

oV<p-r) T E(P-r) 

with Sij = afljpp and again we use the vector multiplication notation, that is, (fi • r) f = p,r,). 

It is important to emphasize that the differential process for the yield can be precisely 
known, given the joint process for the original risk factors (the individual rates, in this case). In 
principle, no approximation is required. For a more formal presentation of this observation, see 

15 Appendix 1 of Ron Dembo et aL, Analytical Compression of Portfolios and VaR, Algorithmics 
Technical Paper No. 96-01 (1997), which discussion is incorporated herein by reference. 

The results above can already be used to simplify VaR calculations using simulation by 
reducing the sample space from n (the dimension of changes in r) to one dimension (changes in 
y). One can then use V (y) to value the portfolio, which still requires the evaluation of a series of 

20 n terms. This yield-based Monte Carlo method is a faster and more robust method than simple 
Monte Carlo because of the reduction in parameter space and the fact that the yield's volatility is 
much smaller than volatilities of the rate returns. Furthermore, for a portfolio of strictly positive 
or strictly negative cashflows, VaR can be calculated analytically, without simulation, by 
noticing that V y (y) is monotonic and applying the one factor theorem described in Section 2 of 

25 Ron Dembo et al„ Analytical Compression of Portfolios and VaR, Algorithmics Technical Paper 
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No. 96-01 (1997), which discussion is incorporated herein by reference. For more general 
portfolios, performance can be improved even further by making some approximations, as shown 
below. 

The transformation from yield to value, V yi still requires the discounting of n cashflows. 
5 However, an efficient approximation of this function can be used for VaR calculations. For a 

portfolio of only positive (or only negative) cashflows, it is possible to reduce the problem to the 
computation of a single cashflow, such as a zero coupon bond. That is, the function V y can be 
approximated by 

V(y) =Cexp( -yty (Eq. 10) 



10 The two new parameters in this expression, C and t, are found by matching value and modified 
duration while using the yield calculated with Eq. 3; that is, from the following two expressions 

n 

Cex/>(->*)=X)c,exp(-;yg (match V) (Eq. 11) 

i=i 



£c,r,exp(-yr.) 

*— n (match D) (Eq. 12) 

£c,exp(-;/f,) 
1=1 

Of course, V(y) is also monotonic, and therefore the VaR approximation could be computed 
without simulation. The result of this approximation is a series of exponentials with a single 
exponential function that matches both value and first derivative at one point, and where the term 
1 5 (-y t) "averages" the exponents in the series. In fact, it is shown in Appendix 2 of Ron Dembo et 
al., Analytical Compression of Portfolios and VaR, Algorithmics Technical Paper No, 96-01 
(1997) (which discussion is incorporated herein by reference) that, for portfolios of positive 
cashflows, V(y) is always dominated by V (y), the exact value. That is, 

V y (y)*V(y) 9 for all non -negative y (Eq. 13) 



20 



The reciprocal is true for portfolios of negative cashflows. 

For portfolios with both positive and negative cashflows, the yield, given by the root of 
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Eq. 3 above, is not unique. A simple solution to this problem is to divide the subject portfolio 
into two subportfolios, one with strictly positive and the other with strictly negative cashflows. 
The total value of the portfolio can then be expressed as V— V "+ V + where 

n n 

V + =£ c/exp(-r,r,), F "=£ C,~exp(-r/,) (Eq, 14) 

andC^O, C^ 0. 

5 The yields y) of both subportfolios are unique in this case, and the total portfolio can 

be compressed into two cashflows, a positive and a negative one. The two compressed portfolios, 
respectively, have yields (y + , y), computed through Eq. 3, coupons (C + , C ) and durations (t \ V 
), computed through Eq. 1 1 and Eq. 12. Thus, the portfolio value function can be approximated 
by 

FO %;>/-) =C + exp(-y V)+C"exp(-y~f ") (Eq. 15) 

10 It can be shown that the volatilities and co variance of (y\ y) are given by the following expres- 
sions 

0^=(P*T) r 2(P*T) 

o^=(p T) r S(P t) (Eq,16) 
Coviy \y-)=(P + *r) r S(p-r) 

The VaR of the portfolio can be computed through a Monte Carlo simulation on the two- dimen- 
sional space (y + t y) and using Kas in Eq. 15. Given the low dimensionality and simple valuation, 

1 5 this is an effective computational technique. Furthermore, other low-dimensional integration 

techniques may be more effectively used in this case (e.g., low discrepancy sequences). Notice 
also that the property of strict monotonicity of Fin each risk factor, (y + , /), can be exploited to 
accelerate simulations. 

Consider now the case of a cashflow portfolio denominated in a different currency, thus 

20 having foreign exchange (FX) risk in addition to the interest rate (IR) risk. The value of the 
portfolio in the domestic currency can be expressed as 
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K(r,S)=^C i exp(-r/ < ) 



(Eq. 17) 



where 5 now denotes the spot exchange rate from the foreign currency (the value of one unit of 
foreign currency in domestic currency). Without loss of generality, assume that all the cashflows 
are positive. By using the results in the previous section, it is possible to approximate the value 
function of Eq. 17 with 



intrinsic multiplicative functionality of the FX spot rate. 

A straight-forward approach to estimating VaR is to create scenarios in two-dimensional 
space (y> S) and use Eq. 18. Clearly, when the portfolio has both positive and negative 
cashflows, the joint application of Eq. 15 and Eq. 18 leads to a simulation in the three- 
dimensional space (y + , y\ S). 

Alternatively, further approximations may be possible. For example, Eq. 18 may be writ- 
ten as 



F(y,S)=£-Cexp(-yO 



(Eq. 18) 



In this sense, the portfolio can be seen as one position in a bond in the foreign currency. Note the 




(Eq. 19) 



- c 5 ex P (-ro 



ln(S/S 0 ) 



where S 0 denotes the current spot FX value and ^-^y- 
differential changes in Y s are then given by 



t 



. Similar to Eq. 8 above, the 





dS 



-dS 



(Eq. 20) 



WO 98/54666 



-21 - 



PCT/CA98/00519 



where the p,'s, i = 1, . . . n, are as given before, and p^= 1 / (S • t). 

It should be noted that Eq. 19 reduces the problem to the single cashflow case, and hence 
its VaR can be computed analytically. However, in practice, the errors in the distribution 
introduced can be substantial when compared with those that arise from using the yield 
approximation of Eq. 18 exclusively. The main sources of these errors arise from the discrete 
approximation of Eq. 20 and the degree of non-normality of the distribution of Y s . 

Considering now a general multi-currency, multi-curve case, this can be solved by an 
iterated application of the above-described single currency case. Consider the general case of a 
global portfolio consisting of m subportfolios denominated in different currencies (the first of 
which is the domestic currency), where the portfolio contains IR risk factors. The value of the 
whole portfolio in the domestic currency can then be expressed as 

V=Y, sjt C t ,exp(-,V, t ) (Eq. 21) 



where k is used to index the currencies and S l = 1. The total dimension of the risk parameter 
space, in this case, is dim = + m ' When the number of IR risk factors in each 
subportfolio is given by a constant then this simply becomes m(n r + 1) - 1. For example, a 
typical portfolio with 5 currencies and 16 term structure points (e.g., using the RiskMetrics™ 
term points), would then involve a problem with dimension 84: 5*16 (ERs) + 4 (FX). By 
applying the results of the previous section, the portfolio can be compressed to be valued as 

m 

?a =£ S*[C t + exp( -y*V> + C*exp( -y k 't k ')) (Eq. 22) 

where them's, Q's, and t k 's denote the yields, coupons and durations of each subportfolio 
respectively. The dimension in this case is now dim = 3m - 1 (the 2m random yields ^y y^j , 
fc= 1, . . . m t and the m - 1 FX spot rates k = 2 t .... m). The risk factor space for the portfolio 
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in the example above with 5 currencies would then be compressed to have dim = 14. It should be 
noted that further simplifications are possible where the dimension can be reduced to 2 risk fac- 
tors. This is accomplished, for example, by first applying Eq. 19 and then compressing all the 
resulting positive and negative cashflows into two cashflows using the yield approximation. 
5 The techniques just described dealt mostly with fixed cashflow instruments; however, the 

techniques can also be used effectively for portfolios that contain floating instruments and 
derivatives. Methods such as the fixed notional method and approximations such as delta 
bucketing (see below) can be used to express most cashflow instruments in terms of fixed 
cashflows. Thus, the part of a portfolio without optionality, which typically accounts for 80-90% 

10 of the entire portfolio, can be compressed to a few positions, and the risk profile of the entire 

portfolio can be computed using a Monte Carlo simulation. The computation in this case is much 
faster and retains full accuracy. This is in sharp contrast to a pure covariance (e.g., 
RiskMetrics™) methodology where the substantial higher-order effects of derivatives, and even 
bond convexities, are not accounted for. Moreover, from a data processing perspective, 

15 analytical compression is ideal for batch processes, greatly enhances effectiveness of overall 
portfolio storage and loading/downloading, and releases vast amounts of memory for other 
processing. 

As alluded to above, "bucketing," and in particular "cashflow bucketing," is a known 
technique for reducing a total number of cashflows produced by a set of instruments. In general, 

20 bucketing is a technique that is desirable in practice not only for performance reasons, but also 
because distributions are generally only available for a small number of term points. For exam- 
ple, for fixed income instruments, the J.P. Morgan distributed data sets (see the above-cited 
RiskMetrics™ - Technical Document) have volatilities and correlations for sixteen term points. 
Industry standards for bucketing of fixed income instruments include "duration 

25 bucketing" and the bucketing suggested in RiskMetrics™. Given a set of standard term nodes, 
both methods map each cashflow separately to the two (or one) closest nodes. Duration 
bucketing accomplishes this by matching the present value and the duration of the original 
cashflow. The bucketing described in RiskMetrics™ does this by matching present value and the 
volatility of the original cashflow. A further assumption of linear interpolation between the 

30 prices of zero coupon bonds is required. Additional information on these two bucketing 

techniques, including their relative advantages and disadvantages, can be found in the above- 
cited RiskMetrics™ - Technical Document and Mark B. Garman, Issues and Choices in Analytic 
(Variance-Covariance) Value at Risk (presented at the RJMAC 97 Conference, Scottsdale, 
Arizona, February 1997). 
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By contrast, delta bucketing provides a more powerful and robust technique than either 
duration bucketing or the RiskMetrics™ approach. Delta bucketing is generally applicable to all 
financial instruments, but is perhaps most appropriate for linear instruments. Delta bucketing 
aims to standardize the times at which cashflows occur. For fixed income instruments, delta 
bucketing reduces the number of cashflows in a portfolio by redistributing them over the standard 
term structure. This redistribution of the cashflows is done in a such a way that the partial 
derivatives (or key rate durations) of each individual instrument or cashflow with respect to each 
of the original risk factors is preserved. 

The foregoing bucketing methods bucket each cashflow separately to the nearest nodes, 
without regard for the portfolio to which they belong. Hence, some global portfolio properties, 
such as its yield to maturity and duration, will not be preserved, because such properties are not 
additive. Preserving these properties for each individual cashflow does not guarantee that the 
property at the portfolio is preserved. By contrast, so-called "yield bucketing" maps all portfolio 
cashflows by preserving these global portfolio properties. In this way, cashflows are bucketed to 
standard nodes, accounting for all other cashflows in the portfolio, by assuring that the new 
bucketed portfolio preserves the same value, yield, and duration of the original portfolio. This is 
a desirable feature where the bucketing technique is to be used in conjunction with analytical 
compression, since the yield becomes the single risk factor that the portfolio depends on. 

Turning now to the details of scenario-based compression, in accordance with a particular 
embodiment of the present invention, compression engine 20 can be configured to perform 
scenario-based optimization as follows. A portfolio or subportfolio to be compressed is passed to 
a cashflow and embedded option analyzer that returns a set of maturities for all instruments in the 
subportfolio, a set of underlying risk factors, and a range of strike prices for any embedded 
options. 

The output from cashflow and embedded option analyzer, along with a description of the 
type of analysis to be performed (e.g., 10-day VaR at 99% confidence, 1-month VaR at 95%), 
then serves as input to a replicating set generator. The information concerning analysis type can 
be obtained, for example, from a user through a GUI or from a configuration file. The replicating 
set generator outputs a set of replicating instruments that effectively "spans," or covers, the target 
portfolio. The output from the cashflow and embedded option analyzer and the information 
concerning analysis type also serves as input to a scenarios generator that returns a set of 
scenarios and time points under which the replication is to be performed. The scenarios 
generator may generate scenarios dynamically, or may retrieve previously-generated scenarios 
from, for example, a database. In general, the operations of the replicating set generator and the 
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scenarios generator are governed by a simple rule-based system, an example of which is set forth 
below. 

Acting on the set of replicating instruments, the target portfolio and the set of scenarios, a 
simulation module determines the values of every instrument in the target portfolio under every 
5 scenario at the specified time points. The results of the simulation module are then input to an 
optimization problem module, which formulates a linear programming problem to find the 
optimal replicating portfolio. This problem is then solved using standard linear programming 
techniques and associated software (e.g., the CPLEX™ application distributed by ILOG of 
Incline Village, Nevada). The solution to the problem is a set of positions to take in the 

10 replicating instruments that best matches the behavior of the target portfolio over the specified 
scenarios. Finally, a construct compressed portfolio module constructs the compressed 
replicating portfolio from the output of optimization problem module. For example, the construct 
compressed portfolio module may generate a report identifying actual market transactions to 
carry out in order to construct the replicating portfolio. The set of instruments contained in the 

15 replicating portfolio (i.e., the replicating instruments) might include many different types of 

instruments, including instruments with optionality (e.g., bond options, caps/floors), in order to 
provide a more robust replicating portfolio for non-linear instruments. 

The scenario-based compression model rests on a number of assumptions. For example, it 
is assumed that a compressed portfolio will be used as a surrogate for the corresponding target 

20 portfolio over some finite period of time (hereinafter, the "replication period"). During the 
replication period, it is assumed that only a finite number of events or scenarios S can occur; 
however, there is uncertainty as to which of these events will actually occur. Accordingly, the 
probability of an i th future event occurring at some point during the replication period is denoted 
by p ( eR s . 

25 A second assumption underlying the scenario-based compression model is that only a 

finite number N of financial instruments are available for creating the compressed portfolio. 
Because the compressed portfolio will only be used as a surrogate for valuing the target portfolio 
and its attributes, it may be made up of any instruments whose prices are known. Moreover, the 
liquidity of the instruments is not relevant unless the compressed portfolio is to be used for 

30 purposes other than valuation (for example, hedging). 

Fig. 5 sets forth notation conventions that will be used in explaining further the technique 
of scenario-based compression. In addition, a superscript Twill denote the transpose of a vector 
or matrix. Applying the convention described in Fig. 5, let q a = ((g y ) fl , (q 2 ) a . . (q N \ ) T be the 
known values, at the start of the replication period, of attribute a (a = 1 A) of each candidate 
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instrument for the compressed portfolio. From time to time, we will drop the subscript "a" when 
a generic statement applying to any attribute is made. 

Further, let D a be the S by N matrix that gives the possible values of attribute a (a = 1,..., 
A) of each instrument in each scenario. That is, each entry (dj) a is the value of instrument j (j = 

5 1, 2,..., N) at the end of the replication period, if scenario i (i = 1, 2,..., S) were to occur. 

Similarly, we assume the target portfolio has attributes valued at c a at the beginning of the 
replication period, and attributes valued at x a = ((T,) fl , (x 2 ) a , . . ., (x 2 ) a ) T (a = 1,..., A) at the end of 
the replication period depending on which scenario(s) actually occur. A portfolio is characterized 
by the vector "x," with each component Xj denoting the amount the portfolio contains of 

10 instrument j 0=1, 2,..., N). 

E(r) - fp will denote the expectation of rover the probability distribution p. Finally, 
E(D a ) = D T j) denotes an N-dimensional column vector of expected values of attribute a of the 
instruments in the compressed portfolio at the end of the replication period. 

Given the foregoing, a tracking function may be used to measure the degree to which a 

15 compressed portfolio matches a corresponding target portfolio under the possible values that the 
attributes might assume during the replication period. The tracking function may be expressed as 

A 

The actual choice of norm used to measure the deviations between the compressed portfolio and 
the target portfolio will depend on the context and the desired statistical properties of the 
solution. For example, one could choose standard regret or maximum error as the error measure; 
20 and all errors, only positive errors, or only negative errors may be minimized. In this measure, 
weighting constants w a are used to emphasize one attribute over another and to apply a 
conversion to consistent units. For example, if standard regret, including all errors, is chosen 
then 

As another example, if maximum error, including all errors, is chosen then 
\\D a x-xJI^^axjECc/^ x r (T,)J. 



25 



In order to guarantee that the target and compressed portfolios are as close as possible over the 
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entire chosen period, it is natural to require that the values of relevant attributes for both 
portfolios are the same under current conditions. This leads to the following set of boundary 
conditions: qjx = c a ; a = 1, A. 

In view of the foregoing, a scenario-based compression model may thus be expressed in a 
5 relatively straight-forward manner. According to this model, there always exists a feasible 
compressed portfolio (that is, one satisfying the equation below), provided there are more 
independent instruments from which the compressed portfolio is selected than there are attributes 
that must be matched at the start of the replication period. This model can be described 
mathematically as follows: 

T+=min x T(x)=min£, \\D g x-Tj 

a 

T 

10 subject to q^x-c a - 1,...,^. That is, the equation is to minimize the tracking function over all 

possible amounts of each instrument in the compressed portfolio, while at the same time ensuring 
that the total value of such instruments is equal to the value of the target portfolio. 

In accordance with a variation on the above-described embodiments of the present 
invention, a compressed portfolio generated by, for example, compression engine 20 of the 

15 embodiment shown in Fig. 1, may be subjected to post-processing where the compression 
process generates instruments that depend on new risk factors (i.e., risk factors that were not 
present in the original, uncompressed target portfolio). These new risk factors may be provided, 
for example, by a market risk factors' distribution module. In accordance with this variation, a 
scenario generation module creates a set of scenarios based on these new risk factors, or 

20 alternatively adds the new correlated scenarios to an existing scenario set, after which the 

institution's risk profile can be calculated using the compressed portfolio and the new scenario 
set. Such post-processing is described further in the above-cited reference titled Analytical 
Compression of Portfolios and VaR, the pertinent disclosure of which is incorporated herein by 
reference. 

25 For compression techniques such as analytical compression, the risk factor space will 

typically include some new variables (e.g., the compressed yields). To simulate the value of the 
global portfolios under changing market conditions, with both compressed portfolios and 
portfolios that are not compressed, scenarios must be generated from the joint distribution of the 
market factors and the new risk factors. These joint distributions are readily available from the 

30 yield sensitivities which describe the stochastic processes they follow (see the discussion of 

analytical compression above). If a scenario set in the original risk factors exists, each scenario is 
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augmented to include the new risk factors (using, for example, Eq. 8, 9 and 16 above). 

The following examples are presented to further illustrate features and advantages 
provided by embodiments of the present invention. The first example involves application of a 
compression engine, such as that shown in Fig. 2, to a simple portfolio, and demonstrates both 
the accuracy and possible time savings that may be realized. Consider a small portfolio of long 
and short positions in 38 US government bonds with maturities ranging from 46 days to 12 years. 
The current time that was used for valuation purposes was July 22, 1995. This portfolio, which 
has a theoretical value of $9,482,415.3044 USD, was valued using an upward sloping discount 
curve whose values at the various term points were approximately 5%. The portfolio was 
compressed using delta bucketing and analytical compression, after which a VaR number for 
both the compressed portfolio and the target portfolio were calculated using a Monte Carlo 
simulation. 

Referring again to the embodiment of Fig* 4, data packets describing all of the 
instruments 38 in the target portfolio were input to load instruments routine 40. Given that the 
target portfolio was small, it was possible to load all of the instruments at one time. Output from 
load instruments routine 40 was then input to sort and divide routine 42. In this case, the output 
from sort and divide routine 42 was identical to the input because: 

(1) the only user-defined key attribute was specified as "discount curve," and all 
instruments were discounted using the U.S. Treasury curve; and 

(2) it was determined that all of the instruments would be subjected to delta bucketing 
and analytical compression (i.e., none of the instruments would bypass 
compression routine 48). 

Output from sort and divide routine 42 was then passed to cashflow generation routine 44 and 
aggregation routine 46, resulting in the cashflows of the 38 bonds being generated and 
aggregated into a single ACI consisting of 143 cashflows. This single ACI was then passed to 
compression routine 48, where it was subjected to compression processing using both the delta 
bucketing and analytical compression techniques. 

First, delta bucketing was applied to the portfolio containing the 143 cashflows, resulting 
in a reduction in the number of cashflows from 143 to 13. These 13 cashflows occur at the 
standard RiskMetrics™ term points, as discussed more fully in the above-cited RiskMetrics™ - 
Technical Document Next, this reduced set of cashflows was passed to an analytical 
compression subroutine, and the positive cashflows were separated from the negative cashflows. 
In each instance (positive or negative) the yield was calculated and the cashflows were 
compressed to a single zero coupon bond. The output from compression routine 48 consisted of 
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two zero coupon bonds « one with a positive notional and one with a negative notional. In 
addition, two new risk factors, based on the yield to maturity of each zero coupon bond, were 
created. 

Fig, 6 shows the 13 cashflows produced using the delta bucketing compression technique. 
Note that a cashflow was created at the 15-year term point, which is three years past the longest 
maturing bond. Fig, 7 shows the cashflows of the compressed portfolio produced by applying 
the analytical compression technique to the result of the delta bucketing compression. Here, the 
first zero coupon bond created has a cashflow on February 22, 1998 of (39,554,346.0729) USD, 
and the calculated yield is 5.1 185%. The second zero coupon bond created has a cashflow of 
60,098,278.9511 USD on September 18, 2001, and the calculated yield is 5.5537%. The 
compressed portfolio consists of the two compressed bonds calculated as set forth above. 
Scenarios based on the two new yield risk factors were added to the original scenario set using a 
scenario generation routine, thereby enabling a VaR number to be calculated for the compressed 
portfolio. 

To further demonstrate some of the advantages possible through application of such 
embodiments of the present invention, a comparison was made of 1-day VaR results based on the 
following risk management techniques: 

(1) linear approximation (i.e., RiskMetrics™); 

(2) scenario-based VaR using the target portfolio and 1000 Monte Carlo scenarios on 
the U.S. Treasury curve; and 

(3) scenario-based VaR using the compressed portfolio and 1000 Monte Carlo 
scenarios on the compressed yield risk factors. 

The VaR numbers were calculated for three different confidence levels and the simulation results 
are the average over ten runs. These results are presented in Table 1 . 
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Table 1: Comparison of VaR (million $) 



confidence 


1000 MC using 


1000 MC using 




level 


original portfolio 


compressed portfolio 


RiskMetrics 


.90 


1.689 


1.670 


1.553 




(100) 


(98.88) 


(91.95) 


.95 


1.992 


1.986 


1.967 




(100) 


(99.70) 


(98.74) 


.99 


2.645 


2.630 


2.491 




(100) 


(99.43) 


(93.86) 



Note: Quantities in parentheses represent VaR as a percentage of the original portfolio's scenario-based VaR 



(column 2). 

As can be seen, in each of the three cases the standard deviation of the results for the compressed 
portfolio were approximately half the standard deviation of the results of the uncompressed target 
portfolio. 

The experiment was then repeated using 4000 Monte Carlo scenarios, with the 
compressed portfolio again having half the variance of the target portfolio. These results are 
presented in Table 2. 



Table 2: Comparison of VaR (million $) 



confidence 


4000 MC using 


4000 MC using 




level 


original portfolio 


compressed portfolio 


RiskMetrics 


.90 


1.650 


1.651 


1.553 




(100) 


(100.06) 


(94.12) 


.95 


1.961 


1.967 


1.967 




(100) 


(100.31) 


(100.31) 


.99 


2.605 


2.614 


2.491 




(100) 


(100.35) 


(95.62) 



Note: Quantities in parentheses represent VaR as a percentage of the original portfolio's scenario-based VaR 
(column 2). 



In both cases, as illustrated in Table 1 and Table 2, the Value-at-Risk obtained from the 
compressed portfolio differs from the Value-at-Risk obtained from the original portfolio by at 
most 1.22%, and is generally much closer. However, the time required to compress the portfolio 
and calculate the scenario-based VaR from the compressed portfolio varied from approximately 
3% to 10% of the time required to calculate the scenario-based VaR from the target portfolio. 
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In a second example, an embodiment such as that illustrated in Fig. 4 was applied to a 
more complex target portfolio containing a substantial number of derivative positions. Delta 
bucketing, analytical compression, and scenario-based compression methodologies were applied 
to the target portfolio to show the accuracy and time savings that can be achieved. 
5 The target portfolio for this second example consisted of over 18,000 instruments, 

including many instruments with optionality such as caps and swaptions, in three currencies * 
(British pounds sterling, Japanese yen, and U.S. dollars). The current time used was February 14, 
1996 and the three discount curves (one in each currency) ranged from 5.5% to 6.5%. The 
instruments that comprised the target portfolio were common stock, European equity options, 
10 European FX options, caps, swaptions, fixed notional swaps, fixed rate CDS, fixed rate bonds, 
swap fixed legs, swap predetermined legs, currency swaps and FX forwards. The number of 
positions in each instrument are summarized in the second column of Table 3. 
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Table 3: Overall Results Summary (all time in seconds) 



Instrument 


Number of 
Instruments 


Simulation 
time** usinf? 
original 
portfolio 


Simulation 
time b after 
Analytical 
Compression 


Simulation 
time b after 
Scenario 
Optimization 


Compression 
nine 


Common Stock 


720 


177 








European 
Equity Options 


960 


619 








European FX 
Options 


1200 


246 








Caps 


1200 


24452 




15 




Swaptions 


1200 


7000 






Fixed Notional 
Swap 


6000 










Fixed Rate CD 


1200 








1476 


Fixed Rate 
Bond 


4800 


15841 


13 




Swap Fixed 
Leg 


240 










Swap Pre- 

Determined 

Leg 


240 










Currency Swap 


240 










Forex Forward 


240 










Total 


18240 


48335 


1070 a 


1476 



Notes: a) Sum of: Common Stock (1 77), European Equity Options (619), European FX Options (246), 
Analytical Compression (13) and Scenario Optimization (15). 

b) All performance times based on CPU usage on a SPARC station 20, 448M main memory using 
single 150MHz processor. Time is in seconds. 

c) Simulation is based on 1000 Monte Carlo scenarios. 



Referring again to the embodiment illustrated in Fig, 4, in load instruments routine 40, 
data packets describing the instruments 38 in the target portfolio were loaded incrementally in 
blocks of 400 instruments each. In sort and divide routine 42, the 400 instruments from the input 
subportfolio were partitioned into 9 subportfolios. These were created based on the key attribute, 
which in this case was discount curve, and the compression methodologies to be applied to the 
instruments. Only one discount curve was used for each currency, and hence the input 
subportfolio was first partitioned into three subportfolios. Next, the three subportfolios were 
partitioned based on instrument type only, since instrument type was used to determine the 
compression methodologies used. 
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In this example, it was determined that the common stock, equity options and FX options 
were not to be compressed because there were not many of them and they generally do not take 
long to value. Accordingly, all of those instruments were placed in a temporary storage location 
for later aggregation. It was further determined that caps and swaptions would be compressed 
5 using scenario-based compression, and thus those instruments were placed in a second separate 
subportfolio that was passed directly to compression routine 48. Finally, it was determined that 
the remaining 7 instrument types would be compressed using delta bucketing and analytical 
compression, and thus were placed in a third separate subportfolio that was passed to cashflow 
generation routine 44 and first aggregation routine 46. 

10 In cashflow generation routine 44 and first aggregation routine 46, the input was one of 

the three subportfolios (separated by discount curve) containing fixed income instruments. The 
cashflows of these instruments were generated and then aggregated into a single ACL The output 
from these two modules was thus three subportfolios, each consisting of a single ACL 

In compression routine 48, the input subportfolios were compressed using either the 

15 analytical compression method or the scenario-based compression method described above. 

Each subportfolio consisting of caps and swaptions was compressed using the scenario-based 
compression, where the set of replicating instruments consisted of zero coupon bonds and caplets 
in each of the three currencies. The scenarios for replication were bucket shifts of 1 % to the 
instruments' discount curves at standard node points, and parallel shifts of three standard devia- 

20 tions in the discount curves, thus capturing higher-order effects. The output of this scenario- 
based compression was a portfolio of positions in approximately 10 zero coupon bonds and 10 at- 
the-inoney caplets. 

Each of the three subportfolios consisting of a single ACI was then compressed using 
delta bucketing and analytical compression. First, delta bucketing was applied, resulting in at 

25 most 14 cashflows at the standard RiskMetrics™ term points. Next, this reduced set of 

cashflows was passed to an analytical compression subroutine and was separated into positive 
cashflows and negative cashflows. In each instance (positive and negative) the yield was 
calculated and the cashflows were represented by a zero coupon bond. The output from 
compression routine 48 was two zero coupon bonds — one with a positive notional, and one with 

30 a negative notional. In addition, two new risk factors, based on the yield to maturity of each zero 
coupon bond, were created. The six subportfolios that were passed through compression routine 
48 (i.e., caps and swaptions in three currencies, fixed income instruments in three currencies) 
comprised the compressed portfolio. The entire process was then repeated until all of the 
instruments in the target portfolio were loaded and processed. Once there were no more 
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instruments to be loaded, based on the six new yields that were created as risk factors during 
analytical compression, new scenarios were generated in a scenario generation routine, and these 
were added to the existing scenario set. 

Finally, the VaR for the reduced compressed portfolio was calculated using 1 000 Monte 
5 Carlo scenarios on the three discount curves. The last column of Table 3 above indicates the 

times required to create the compressed portfolio and the new scenarios are indicated in the last 
column. The time required to simulate the scenario-based VaR is indicated in the middle 
columns. 

As can be seen from Table 3, the time required to calculate the VaR of the uncompressed 
10 target portfolio was approximately 13.5 hours. The time savings resulting from using various 
compression methodologies to reduce the size and complexity of the portfolios before the VaR 
was calculated was substantial — it took only 40 minutes to compress the target portfolio and 
calculate its VaR. 

As shown in Table 4 below, performance was evaluated for the subset of the target 
1 5 portfolio consisting of caps only, due to their apparently disproportionate contribution to the VaR 
calculation time. This was because the 1,200 nine-year quarterly caps, which are equivalent to 
over 43,000 caplets, required over 43 million calculations of the standard Black-Scholes formula 
(see Black et aL, The Pricing of Options and Corporate Liabilities, Journal of Political Economy 
81 (1973)) in a simulation using 1000 Monte Carlo scenarios. 



20 
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Table 4: Cap Compression Comparison (million $) 



10 



15 



20 



25 



30 



35 





Original Caps 


Delta Bucketing 


Scenario 
Optimization: 
"Gamma" Replicated 


RiskMetrics VaR 

90% Confidence 


1155.57 
(100) 


1161.60 
(100.52) 


1161.18 

(100.49) 


1000 MC VaR 
90% Confidence 


1285.44 
(100) 


1341.78 
(104.38) 


1287.72 
(100.18) 


1000 MC VaR 
95% Confidence 


1442.85 
(100) 


1486.23 
(103.01) 


1442.16 
(100.09) 


1000 MC VaR 
99% Confidence 


1828.77 
(100) 


1891.20 
(103.41) 


1830.36 
(100.09) 


Replication Time 
(sec) 




312 


312 


Simulation Time 
(sec) 


24452 


12 


36 



Notes: a) Quantities in parentheses represent VaR as a percentage of the uncompressed portfolio's VaR. 

b) All performance times based on CPTJ usage on a SPARC station 20, 448M main memory using 
single 150MHz processor. 

c) Simulation Time refers to scenario-based VaR calculations, and not to RiskMetrics VaR. 

For purposes of further comparison, the caps were compressed using two methods: delta 
bucketing and scenario-based compression. As also shown in Table 4, the accuracy of the VaR 
results of the compressed portfolios were compared to the VaR results of the uncompressed 
portfolio of caps. It can be seen that the scenario-based VaR results of the portfolio compressed 
with delta bucketing were within 4.5% of the VaR produced using the uncompressed portfolio. 
The results are even more impressive when scenario-based compression was used to compress 
the original portfolio — the scenario-based VaR of the compressed portfolio was within 0.2% of 
the VaR produced using the uncompressed portfolio. Substantial time savings were also realized 
when the VaR was calculated using the compressed portfolios. The simulation time of the 
portfolio consisting of 1 ,200 caps was almost seven hours; whereas the simulation time of the 
compressed portfolio, including the time required for compression, was less than six minutes. 

In view of the foregoing, persons skilled in the art will appreciate that one of the 
important differences between portfolio compression in accordance with embodiments of the 
present invention and previously-used portfolio replication techniques (e.g., scenario 
optimization, described in U.S. Patent No. 5,148,365, and optimal portfolio replication, described 
in recently-allowed U.S. Patent Application No. 08/866,303) is that here the replicating portfolio 
need not be comprised of market-traded instruments. Rather, a compressed portfolio need only 
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be comprised of instruments whose price is "known" or "fair" in the particular market under 
consideration. Thus, as long as one is able to generate a fair market price for an instrument, even 
if it is not traded, the instrument may be used as part of the replicating set. This feature provides 
a financial analyst with substantially more flexibility in replicating a portfolio than is provided by 
previously-known approaches. 

Another significant advantage of portfolio compression in accordance with embodiments 
of the present invention is the lack of liquidity restrictions on the replicating variables (i.e., the 
positions of instruments in the compressed portfolio). In practice, however, some liquidity 
restrictions make the solution of the compressed portfolio more stable. This benefit also derives 
from the fact that the essence of a compressed portfolio, as just discussed, is that it price 
correctly. Since the compressed portfolio need not be comprised of tradeable instruments, it may 
contain fictitious instruments in any quantity provided the price of such instruments is "fair" with 
respect to the market. Such fictitious instruments can be priced using analytical models based on, 
for example, no-arbitrage conditions or equilibrium principles, as described in John C. Hull, 
Options, Futures and Other Derivatives (3E) 572 (Prentice-Hall 1997). 

Yet another advantage of such portfolio compression techniques is that often one is inter- 
ested in valuing a target portfolio using some surrogate compressed portfolio for only a very lim- 
ited period of time. Thus, the replication need only be valid for that limited time period, rather 
than over the entire expected life of the target portfolio. All of the foregoing observations imply 
that a replicating portfolio may be generated automatically using fictitious instruments and 
simple rule-based systems. An example of such a rule-based system is as follows: 

(1) if the instrument type is common stock, equity option or FX option, then do not 
compress; 

(2) if the instrument type is cap or swaptions, then compress using scenario-based 
compression; 

(3) if the instrument type is fixed notional swaps, fixed rate CDS, fixed rate bonds, 
swap fixed legs, swap predetermined legs, currency swaps or FX forwards, then 
compress using delta bucketing and analytical compression. 

Embodiments of the present invention, including those described in detail above, may be 
distributed, for example, as a set of executable instructions residing on a storage medium. Such a 
storage medium can be a memory of a computer; a piece of firmware; a portable storage device, 
such as a diskette or other magnetic storage device, or a CD-ROM; or any other medium on 
which it is possible to store or otherwise distribute executable instructions. 

The foregoing is a detailed description of particular embodiments of the present 
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invention. Persons skilled in the art will recognize, however, that many alternatives, 
modifications and/or variations of the disclosed embodiments are possible. For example, 
analytical compression and scenario-based compression are only two of a myriad of techniques 
that can be used to express portfolios in simpler form. Other techniques have already shown 

5 excellent practical results, including so-called Arrow-Debreu Compression, in which results of 
previous simulations are used to construct a new representation of a portfolio in a piecewise 
sense (using the analog of delta functions). Also available are so-called Power Series Methods, 
in which the portfolio value function is approximated by a local series expansion around the 
current mark-to-market price. These methods, in combination with harmonic analysis, provide 

10 an elegant and fast computational technique, as discussed in C. Albanese and L. Seco, Harmonic 
Analysis in Value at Risk Calculations, Working Paper, RiskLab-University of Toronto (1996) 
(accepted for publication in Finance and Stochastics). The present invention embraces all such 
alternatives, modifications and variations that fall within the letter and spirit of the claims, as well 
as all equivalents of the claimed subject matter. 

15 
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We claim: 

1 . A computer-implemented method for compressing a portfolio of financial instruments, 
the method comprising the steps of: 

identifying financial instruments to be compressed; 

generating a compressed subportfolio corresponding to the identified financial 
instruments; and 

combining the compressed subportfolio and any non-compressed financial instruments 
into a compressed portfolio. 

2. The computer-implemented method of claim 1 , wherein the identified financial 
* instruments comprises all of the portofolio of financial instruments. 

3. The computer-implemented method of claim 1 , wherein said step of generating a 
compressed subportfolio comprises performing analytical compression. 

4. The computer-implemented method of claim 1, wherein said step of generating a 
compressed subportfolio comprises performing scenario-based compression. 

5 . The computer-implemented method of claim 1 , further comprising the steps of: 
sorting the identified financial instruments into fixed cashflow financial instruments and 

non-fixed cashflow financial instruments; 

generating one or more aggregated cashflow instruments representing the fixed cashflow 
financial instruments; 

generating a first compressed subportfolio corresponding to the one or more aggregated 
cashflow instruments; and 

generating a second compressed subportfolio corresponding to the non-fixed cashflow 

financial instruments. 

6. The computer-implemented method of claim 1 , further comprising the step of sorting the 
identified financial instruments into a plurality of subportfolios to be compressed, wherein said 
step of generating a compressed subportfolio further comprises separately compressing each of 
the plurality of subportfolios to be compressed. 

7. The computer-implemented method of claim 6, wherein said compressing step further 
comprises using a first compression methodology to compress one of the plurality of 
subportfolios to be compressed and a different compression methodology to compress another of 
the plurality of subportfolios to be compressed. 

8. The computer-implemented method of claim 6, wherein said step of sorting the financial 
instruments into a plurality of subportfolios to be compressed comprises separating the financial 
instruments according to a predetermined attribute of the financial instruments. 
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9. The computer-implemented method of claim 8, further comprising the step of obtaining 
the predetermined attribute from an external input. 

10. The computer-implemented method of claim 1, wherein said step of generating a 
compressed subportfolio comprises applying a plurality of compression methodologies. 

11. A computer-implemented apparatus for compressing a portfolio of financial instruments, 
said apparatus comprising: 

a processor; 

an input device coupled to said processor; 
a memory coupled to said processor; 

a compression engine including instructions executable by said processor; and 
an output device. 

12. The computer-implemented apparatus of claim 1 1, wherein said compression engine 
comprises: 

an instrument load module; 
a sorting module; 
a compression module; and 
an aggregation module. 

13. The computer-implemented apparatus of claim 12, wherein said compression module 
comprises a plurality of sub-modules respectively corresponding to a plurality of compression 
methodologies. 

14. The computer-implemented apparatus of claim 11, wherein said compression engine 
comprises: 

an instrument load module; 

a sorting module coupled to said instrument load module; 
a cashflow generation module coupled to said sorting module; 
a first aggregation module coupled to said cashflow generation module; 
a compression module coupled to said sorting module and said cashflow generation 
module; and 

a second aggregation module coupled to said sorting module and said compression 
module. 

15. The computer-implemented apparatus of claim 11, wherein said input device comprises 
user interface. 

16. The computer-implemented apparatus of claim 11, wherein said input device comprises 
real-time data feed. 
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17. A storage medium containing a set of instructions for compressing a portfolio of financial 
instruments, said set of instructions including instructions for: 

identifying financial instruments to be compressed; 

generating a compressed subportfolio corresponding to the identified financial 
5 instruments; and 

combining the compressed subportfolio and any non-compressed financial instruments 
into a compressed portfolio. 

1 8. The storage medium of claim 1 7, wherein said set of instructions further comprises 
instructions for: 

10 sorting the identified financial instruments into fixed cashflow financial instruments and 

non-fixed cashflow financial instruments; 

generating one or more aggregated cashflow instruments representing the fixed cashflow 
financial instruments; 

generating a first compressed subportfolio corresponding to the one or more aggregated 
15 cashflow instruments; and 

generating a second compressed subportfolio corresponding to the non-fixed cashflow 

financial instruments. 

19. The storage medium of claim 17, wherein said storage medium comprises a magnetic 
storage device. 

20 20. The storage medium of claim 1 7, wherein said storage medium comprises a computer 
memory. 
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04{^Lfe«t pt^. jE<g/U— fV4 8lt *#J/U— 5^4 6*5<tO!/ifctt 
*3V^T, -tf-^jtf— h7* y ^"tt, — J:«9/h$<T^^^^D P p(Dm{C/±^^ 

4 6 (Dm& t mm, ^-^^4 8£#<9^LH?tL-C, fgfo£it##Jl;:c3- 

*-*i±Mtf-m^7°^ 3 >&*stf-y-zf#- h7t y ^r^mm-r^t^. *zf^ 

v^2 0O«j££TH^-r3#tfS^iJft^£asfc3 o 
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(20) 2002-500789 

«l*&y ^fM5##f<^£2f§<t L-r^ffi-r5^^ds-e#5„ 

a- (fesi/^i, li^Wn— Kc7)#-a-{±. ^— y> h • /K— h7^y^- ^) 

~£M«fc*K 3-— im, ^--tf-^Ttf— h7t y ^-fw^t©y 

i/i^y h • y ^^^^^<bi-5-^y^— h7t y ^-Sr^fife 

tilths. -t^J: 5 &«7F^tg^:}o^T, A7J cSfritcTii— h7^- y ^~$r 
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(21) 2002-500789 

{d, ffi&P^y UtkX-ti, *7*sb>. mfeUA) (-S-^T^f'I^tiS-i 

^wsi^^-et, ra-r smites ^(Df±mjfm^mm^th^ 0 -r^^-h 
fiifiic^ffi^^- ^ ^ & ^ l t as <* *l 5 iM fa , it? $ n z> mm&m * fc te&ss 

(D|l-^-ti:^^v>-r^y^— h7i- y ^-{c^fi$tt5 0 LfciSoT, 3-— iff*, 

-•OA^t^JK- h7t y ;?m. y 7 o-t*lt*±fifet5K * 

it te—fe<D * -y v is =>■ ~? u — tf ft % ±j&-f z>t% ©ffi©fc*};it 
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(22) 2002-500789 

(fixed notional swaps), IS?Kt£!I&£r-a t? 0 (D&S-izjSb^X, *-Y-y 

-rs^ k&x*%. m,&<Dtfimffim%:&m^x, -m^^-^^^^ya— &m$\-t 

-5 Z. t [z =fc V) „ rfj*§f¥ffi (mark to market valuation) £r#5 ^ <!: £S-e# 5„ L 
r-flt#£^#., ¥^iffco*— 5 h7t <J ^-fi, 

0 0, 0 0 0©^^j/->.a7P-^tf o rtLbfi, *7C2 5 0 0 (1 

9 25 0#HB(CS<5V^T) (Ddf--^ -y^7D-^f5 1 0©AC I K 
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(23) 2002-500789 

J; o T m-T - t as -e # 4 v ^ & <t > lojfc te« gctf>&#j * \ v *s ~ -7 a - ft; P B 0 

o 

m 4 ictf \^tzmm^m<D i o^^^o^jfetg^idfev^-r, )±i^-fy4 8 « % 

LT, ^-7°v/3 V&^tMJ-:/**— h7^- y 2j-£rEEIi-r5 0 !±m^~ ^ V 4 8 «\ 

o 

tc*J?>5r i:*s-e# 5«t 5 {-x *-h7^ y « 1 m<Dg#§Btfc<h SM£-tir5 J; 
5IM^«t:K'fc5 0 Mt^i, £##j^afcf^ tf-h7*v 

Iffife^-f 7° n 5c©y ^^H^BSIS^ LTSS^*«>Sn^iS-C#5 
«t?^ % h7t y ^-^M^-ar^l&^^^EMSr^-rr kX-3bZ 0 mW£&- 
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(24) ftm. 2002-500789 

##T#jJE#itf>jifflf2, J. P. MorganCDRisk Metrics™?* TRiskMetr icsT «-Tech 
nical Document], Morgan Guarantee Trust Company Global Research(4th ed. 

„ ^#c7)tfitt (convex ity)^^-^^ 3 ^co^v-vwCi^/iifw^^fWflEiBl^itlE 
r^^Sb^: (analytical compression capture higher-order effects) tefrotL 

^ fikwii^i^M^* 0 — h7t y i^— ^ 3 ^icm&f&mztiz 

bfrliL-v -y LtS^-e(±/,t<Ttj;<, h7t U 

l/— v-a^ (duration) ^HSSm^ v yZtiZiW&ttott^^ y i/^ 7 o— . 

y^rji/jf&m mx*mn-fz) in^<^< 0 

W^ri: LT, fut-tftP^ LfcJ: ? h7t y y • Ty Y • y * 

* (vaR) ti, h7t y ^h^^mm^t>tz<omv^mm^-c§:j-fM 

S^a©VaR-efc§VaRa (t) tt, ft«)*i^j|-C^x.t)Ji5, 
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(25) 



PriV(R 0 , 0) - K(*„ 0 £ VaRJii)) =a 



&m 2002-500789 
(3£ 1 } 



, salt #5 y xtm^-<n^<? b/^&mi^ a mm) 

0. 9~0. 9 .^raraRSlix ii# 1 — 1 0 0t?*>5, 

r©ti©VaR^SL, i = 1 . . . . n<DWr&* &tm t i {d*3ft 5 C i > 0 <D 

h7*ysf<D Til^fiJtH] «9 (yield to maturity) j yfi N |^C*-F7t 

#=1 (a 3 ) 

V (r) =Vy (y) 

ffim^-t&frfr, Vy (y) =V (y, y....y) £icgfc-r& 0 -f^ 



dV " 
ay f-i 
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(26) 2002-500789 

£x±.&^m^. ffifemmvy ( y ) ^Lt*-F7t!)t©iiivaR 

mk&fc<DJrm.i!Z\zft5 zk&frfrStcito. ^tin. i — F©i^ (joint 
d i st r i but i on) ^> 0 xv^ tiit L i ^IS X* fit * V \ 

ft-*-, (5 * 5) 

i3 = (0u /32 /3n) fit, fiJlsI<9^f5:^(yi eld sensitivity) h 

f> 1 . dy _ K(y) 

'-« r , 
°\,=E P,P/W7>P» 

( 5$ 9 ) 
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(27) ¥f$t 2002-500789 

:©l^t), h/Hit^tie&£{£ffl U (13-7) t= (]3iy 

i) T?fc5 0 

S„ JEtlUtLT, ififfl{OTTfc5o r 9 jE5£/«£^§iW:, Ron Dembo 

{tilt j; <5 TAnalytical Compression of Portfol ios and VaRj % A I gor i thm i cs Tec 
hnical Paper No. 96-01 (1997) <DW0t 1 £#f$£*t7cl\, ^<D#^li, #18 let 

-57c^{^ffl-r5^<t^-e^a o j^{ci, v y ( y ) ^tfflit, — igwn<^»ira 

* \) *<Dm&te, Vy (y) asituu-cfcs- tK&tcU %H^#i#J-cfc <9*ej 
|fa#{c|a^-^S^7tRon Demboftilic: J: 5 TAnalytical Compression of Portfolios 
and VaRK Algorithmics Technical Paper No. 96-01 (1997) <D$S 2 MStdffitt^ 
tufc 1 @IM?:Ilt5:i tctoT, '>;aU-> 3 y/j:Lt', VaR^ffr 
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(28) 2002-500789 

ft 2 o<£>a;j&» e> jftfc sri 5o 

w 

ft 

f =-I^ {match D) ( 5£ 1 2 ) 

m (~y t) -m<Dm$k% ^mti -tZ> 0 mm^, Ron Demboftii^ 
J; 5 TAnalytical Compression of Portfolios and VaRj, A Igor ithmics Technic 
al Paper No. 96-01 (1997) (cco#^(i, #BSJd «fc <9 *P^#W#^i(sa^ii*tLS) 
(C*3l/>T, * 0 ^f ^ y • ^ t 7 7 P - (Z)*°- h 7 t y t©l^{±, V~(y) 
iE«ftftffiV(y)^J;o-C^{ci^ia^tL5^<!r^^^tLi:v^5o "t" ft 

PyMzyCy), for all non-negative y ( 1 3 ) 
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«F» 2002-500789 



o 

% V = V-+V + t Ltg^t^«t^t^a o V-iV^lt &(Dii<9 -efc^o 

f * =jt C/expC -r,r ( ), V=f^ C,exp( -r ,f,) ( 5$ 1 4 ) 

f-l /-I 

z.(Dm^, mx^-y-y'tf— v yt&mmv (y + , y-) a— nx*ib<o, *° 

t6ri:is-c#5. Eifigtfc2oOjK- h7t y ztttti^ti. ^3 *»btHSC L 
(y + , y) £ % 5^1 1 <ts£l 2^1+31 Lfc^-#>-(C + , C"), *5 

ilJ^r ^ i^" — v' a v (t + , t-) ^^i-5o Lfc^ot, ^K— h -y * y ^-cofffifil 

o*-(P*-r) r S(P*T) 

o?=(P"-»-) r £(P"T)- (SI 6) 

Cav(y\>0=(P*-r) r 2(p-- r ) 

^-h7^-!it©VaR(l 2^7C^P^(y + , y " ) ±.(D^ >"r */l/o • ~> 5 3. 

dC0#^(/ci x.li % {JS'F— ffcv'— (low discrepancy sequence)), f&^fg 
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(30) 2002-500789 

I^V-«*litt« (y + , y-) ZmmLXis^ a. w->> 3 ^SriSit 

(fx) v y^^yu— • tk— y ^-o^^w-r-So 

r(r^)=^C ( exp(- 7( ) (^17) 
« - j 

r(y.S) S Cm p( (it 1 8 ) 

V a R^rit^i-Sffi^^fi, 2&5c£M (y, S) -C*W- y ;*-£rffr£U 
^18S:ftfflt5rtt*fc5, ^F7^y^ *VT^7'-=3r^-y>'^7o 

ctD. 3Jfc7c3£W (y + , y, S) T?©i/$=LU->3yiS#f)*i5;i:H:iS5) 
ftf i: U, $ bftSMWSi^fc:: tfrh& 0 fci:x.tt\ ^18(1 JSfeJdJ: 

= c s -«p(-rr)^(f s) 

So fit, %tf£(D^y hFXie<tYs= (y- (ln(S/So)} / t) 
^^-To HU^^8i:^l«, Y s <D®kft^itn. dVDXo^Tjk^n&o 
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(31) 



2002-500789 



C^T?, j3 i ' s , i = 1 , . . nit. itiH^Lfcii^fc 1 ? , 08 = 1/ (S • t 
) -C*fc5„ 

JU <ir. rfr? 

i'i r i A 

— «#j/j;&gcili«, ^tttt. Strif^m 

fit, V ■ *—?Qffl<Dmfc7Z%i:n, dim=S nk+m- l^?fo5o #1^" 

m (nr + D -lir^So ^<dm&, tc t 5 -D(Dmm 1 1 6 (Dmm 

ft*#Jft*K— y ^-tt, J^5c*S8 4 : (5* 1 6 (IRs) + 4 (F X)) OFn^II 
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(32) 

m 

i-"C, yk, Ck, fci(;tkii 4S-^^jK— h7^- y *(D%\mK) , ^— 
J;t>r > 3 y^^tl^'^to rcD>r— ^(dfc{-t-5^7C«, dim=3m 
- 1 -OfcS (2m0>*£f£&flJ|I19 (y k + , yk"). k=l,... m/m-lFX^/K 
S> h • h S k , k = 2...., m) 0 :i<D4§<£\ 5O(7?ii^^^-i-5Hfj^(D0iJlC 
*Stt3>tf— h7t!) i-OM^i^Flll d om= 1 4 «fc 5 fcffiHH £ 

tL5 0 ^tc£ 2o© y ^^Bflc«'>Jt5: t^s-Ct £<b(cfSjH&^ 

t-ts: t^as$tL/cv\ rtitt, fct^wr, *-f5t i 9 u jfct-#p> 

o<7} ^ 7 p — IdflJIaJ <9 iSiBl Sr^ffl LT/E^-T 5 d <t «t o Tift* $ ti -5 

o 

BU^O&jfefi. ±{C@^^r-t y'>a7D- <O^D B D {C*j-^i-r^^^ -*LP><DSi* 
-So 013:/ -> 3 "TvHi (fixed noti onal method) t£. hi. '(Djj^izhi ~r/^^ • f^ty y 

-h7^ D^fl£©8 0 — 9 Oro^t^^S^^v-a^y 7 1 -f Ofcl^— b * V 
l/Z&m LT, h7t!J ^ftW y • 7°n-7^— ^^fflf§ ~ <t 

, (fctxifi, RiskMetrics™) OTJ&i: *HSi#j-c#> «3 * Z.<D 



#3? 2002-500789 
(S2 2) 



-32- 



(33) 1$^ 2002-500789 

Wlt"— ? • ~t v h (^f-Slffl Lfc rRiskMetrfcs™ -Technical Document! 

tRiskMetricsTw-c^^ti/c/^^^^r ^^^r-atfo — i ll^ITOFfly 

fcttlo) <z>/— KULSSiJ^Ki-^s' 5 «, t 2 '^- 1^— ^>a ^ • '*tr v^ta 
Wfat7t<D*c^ y'y^-7xi—(D z f^ U— is 3 1/ t §fc $ -fr 5 r t Id =t o X r *l 
^llt^o RiskMetricsTM-e^$tbfc/^^-y^^ ^^tt, ^mtyt(D^r^ -yiy 
3.7n — CD /J? 7T/f n -7^ £ ^— ffc^-tt-S r. <t Id .toT.rtl^T 9o if a *° 
<Dffitera<Dit:8MitPfl<D£ ^{cftH60{S^^^^-efc5 o ^ift&fiJ,£<h^/££ 
^2o©^7-5'f^ ^^Sfe{dB8't"Si6J!lPWW#Btt» S5l-5lfflLfc, TRiskMe 
tries™ -Technical Documentj irMark B. Garmanl^ J; -5 N ssues and Choices in 
Analytic(Variance-Covariance)Value at Ri skj (R IMAC 97 Conference, Scotts 
dale, Arizona. 1997^ 2 M tl±) tc|L5 t &X% 5„ 

^3.7t3 — *s^C5^FRB*:«^ki-Sw<5:t?*>5 0 IS£i&AiSp a p<D*i-£\ *r/\># 
J: 5 ^'ttt>fh%) 0 
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(34) &m 2002-500789 

■Y y-y^yu — SrSfciftW — K(-SU^(^/^y h (bucket) i~ -5 0 Lfc^oT 

- <t fi{fcSE£*b/jrv\, mt^Rg^lc, \,**>t$2> l^\m V '<y- y"r4 (i, 
— tfs&i?Sy — KICKS' h £tis 1Si\^<^ J rv V Ztltztf— h7t V J-fiK *V 

- tk— h7^-y ^j-cop D^e, nm^oioXx^T^ y^fftsr 
^£j6s-c#3„ ffi^g^— h7t y ^t-^fcfi-y-^/K— h^^- y ;m % -y-yxK 

V^yfK • ^"^"iya > • T-T^^-fif (embedded option analyzer) Ic^M^friZ) 

o 

ft-tz>$-vf<Dy-^ymm t at t x.«\ mmm 9 9 %-ev a r 1 0 b , 9 

_5%T*Va R l&EHry h • v^^U— ?^<DAtl h \^X\±t'h< 0 ft 

ffi?^-7°lz.mirZ)mmte, fctMGU I l^;ot^-t^^ffc(^77^ 
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(35) 2002-500789 

v )-r^> 0 -mz, mm±v b • t^-rv * • ^x^u-;?©ftmi 

^M^-h7^-y7f-^^ot-j-6ftii{t:FB^M^v ; ^-/WcA^$tL5o r 
-^^'JtlOlLOG of Incline Vi 1 1 agefrhWM £ C P L E X™ y 

3>T-fc5 0 fttetfjfc:. «*/£ffite#- h7t y 3d- • -=&v^-/W3, Hig^S^ 

fern*'— y • -ev^-/^ h^y^n^-r sfc* ^ n 

*&£>iSi& (i-ftfc>^ «M^p p p) f±, #liff£i3!«&fflo < fc 0 

o 
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(36) &m 2002-500789 
^J^^i- 0 HI 5 Kl^Lfc&aiJ&igJB L"C qa = ((qt) a, (q2) (q N ) a) 

T##^ r a j Sr«l&i-5r <t hhZ>„ 

&h\t^ Da^r. #-w-y ^-{cto^^^-msh^m^a u = i,..., a) <z>jg 
y^-i (i = i,.2 5) *sj@r zm^^mmmmcomfrio iz&vzm&h j 

(j=l, 2...., N) CDfgT'feSo I^EItC, ^-^r's/h -^-h7ty«\ 
5««»ira©i^*3«9lC*5V^Ta=((Ti)«, (T2)..... (r2)a)T > (a = l... 

/^xj (d«toT4#1»#ttP>^ #^5>xjfi N jK— h7^y^-^-^tf^p B a j ( 
j = 1 , 2, . . . , N) (D&m&^-f 0 

e ( T ) = tip» 1 p t <z)^#fi^^-r 0 ft^t^ e c 

14 a 
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(37) ftgk 2002-500789 

r<*)=£P>„ 

y ;d-£ h • y *ora<zyrftSra"j^-t-5fc«> 

i&fti-Zo ittx.it. mm:Kmt i,xmm ] j v (regret) ^tctemxmm:* 

II 

q a T x = ca ; a = l...., A t 9 — ffl-O^El^^^^^iXSo 
H^nTfe#JE#B#— H7t y ^"^St-#?Si-5 0 rCO^xVM*. q a T X = Ca = 

1...., AffcSii^a-C, ifc^tfjtc&coj; £#-ct5o 
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(38) 



2002-500789 



•ftet>ib, #j§5*;rau ffiH^- h^^-y^-{-*iit5#^D p D(D^c«9#^-r-<-C(D 

60 ^wJ: 5&#rLi^y **B^fi, fci x.fi£rfj4&y x?m*(DftWc*:i?=.— ^ 

^e^J: 9 uv>y ^^a^f-^s^Jv^ 1 jfsaco^y ^-S:^L, fesv^igf l 
v^BIJii-aw-y ^-4rUE#o^y^- • -fey Mc^n^, -t©&-c\ ffi^^— 
^- y ^i&rLv^-j-y • ir 5/ hMffl ttfflw y • — 

tSwiiStti. ^OJ; 5 iffi^lJE Ufc TAnalytical Compressi 

on of Portfolios and VaRj t)g^5##*^SE*fe£ft-C:i3*K -twlS^-TS 

LT) 0 
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(39) 2002-500789 

4 6 B>ib 1 2^x-(om.m<Dm^\^-r^ 3 ^(D^mm^n^^^^ ■ 

1 9 9 5^7^2 2 3X^0^ :0*-F7t!Jt!t 9, 4 8 2, 4 1 5. 
3 0 4 4*11 K/K7)3lf&ffi£rW U ^^FbI^ ^ M:fctt5iia5°/o(?) 

3 8 * • ^^rs/ N£> a — Kffin^/W— ^> 4 0 (C A7J bfc 0 $ — 

m &g -C A7J <t IrI — T- fe o /Co 

(2) t^t^iSfpSrf^^ • y f ^ > / i 5 ^ ^ 

L7c(i-^^^, JE3Hg/u— 8^W^*^5i§i«S.f±&v\>o 
5fct£, ^^f'J^— ^^4 2 ^ib<£>ffi7j£. Jrf7->^7n^;^fy4 

1 4 3©^t 7y^7n-^^^5f-(DAC I til^tlfc„ &lc\ ~ 
c7)^— OAC I Z&W^— 8 fcfctU .■r/i'* • /^yf^ >- k fttfrW}15. 

fc„ ciif>roi 3©^f-iry^37B-ll ml^lffl L/c TRiskMetr ics T " Techni 
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(40) &m 2002-500789 

cal Documentj -C«fc 9PE L< Lfc J; o frlWRiskMetr icsTM co^^xK-f > h 
^r-V y ^>^7n- (Dif a ? — /f?>"f»M/±M L7c 0 El/l^-f 8 

^ ^ ht?^$H^it-i±*c$nfcv\ 13 7 fit, rvl^ • s^-yTj is#mifc<D 

dft^>i7D-^f 0 Z(Difr&* ffr&£*L7cfill (Difa ^— Tjf^flt fc£, 19 
9 8^2^2 2 0^(3 9, 5 5 4, 3 4 6. 0 7 2 9) 
:7n — £^TU ffjf L^JlHjOtt. 5. 1185%-<?fo<5 0 ffrjfc&ttfc^ 2 
n^— Tjf^igfi, 2.001^9^1801:6 0, 098, 278. 9 5 1 1 
HVKDdf-^ -y^^-p □ — H-^b/c^lJ[H]<9 tt. 5. 5 5 3 7%T'fe5 0 JE 

tut^-fyOTit, 2ocotf Lv^jisiy y ^^m^-^m-^< w-y 

<fft^-rSfc«){-, ft<7)Jl5*M^flS^I^^10VaR^ (1 da 
y VaR result) £rJfctfc-f<5o 

(1) nftmU(irts:t>-tb, RiskMetricsTM) o 

(2) h • #-h7t y *-£*ll«l&*lK:|JH-S 10 0 OO^V^Tj/u 
n • ->t U t^ftlt 5 yf U ^ • ^7 V a R, 
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(41) 2002-5 00 789 

/Un • yt!Jt^fflt?)'>t!Jt- ^Va R 0 





* 'J ^"^ffiffltS 1 o 
0 0 M C 


«t61 0OOMC 


RiskMetrics 


. 90 


1.689(100) 


1.670(98.88) 


1.553(91.95) 


. 95 


1. 992(100) 


1.986(99. 70) 


1. 967(98. 74) 


. 99 


2. 645(100) 


2.630(99. 43) 


2.491(93. 86) 



*V a R<DWl&t Lt^t (ffl|2) 
m^, 4 0 0 cxd^vt^/u-d • w-y j-&l&m LTH^£Sj<9igU -£<£>4& 



2 V a R<7DJt^ (B"^ K^) 





1tiiLm~f & 4 0 
00MC 


ffl-f £> 4 0 0 0MC 


R i skMe tries 


. 90 


1.650(100) 


1.651(100.06) 


1. 553(94. 12) 


. 95 


1.961(100) 


1. 967(100. 31) 


1. 967(100. 31) 


. 99 


2.605(100) 


2. 614(100. 35) 


2. 491(95. 62) 



V a R <0% \\% t b T ^"T 2 ) 



&tb'<y ^ — • r ? v - y ^?\%, *y iy-f-ju . y ^ibttfc^y ^ 

gi^Batt. v • Tjf— h7t y k w- y a- • *v a R&H-JM- 
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(42) !)#3r 2002-500789 

5 <Diz&^te&?m<Dm 3 %~ i o %mt ltz 0 

T-^^if^ 9tmyy±.m&, • ^-^/Ent&^ag/B Lfc 0 

1 8, 0 0 0a±«^p B p75^^5 o teJB Lfc9M£B#RHte, 1 9 9 
6^2^ 1 4 B-Cfct? N 3 ocof ij§ | ft^ (#ii#Kllo) «\ 5. 5%~6. 5 

^ A TA - a > (European equity option), @!j+lFXt7'->3y, 3^5/ 

m3 £.&<Dl££:<D$.tlb {f$Wi-f'<x&) 
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(43) ^2 00 2-5 00 7 8 9 







* y * * « 

ZL U — V 3 


% {£ ffl L * 
& 0> 5 zi 

1/ - i/ 3 > 


ft CO v $ 

3. U — 5/ 3 

>B5Ih3 b 


rr Safe d4e sb b 
Jet wm IK) 




720 


177 








EX #1 x. ;7 < 


960 


619 








& *tf F X * 
~f 3 > 


1200 


246 










1200 


24452 










1200 


7000 




15 




m ^ i& & to 

1 n ,y ^ 


6000 










m $i v - h 

c n <v 


1200 










In. 5r 


4800 








1476 


x 7 -y y i 


240 


15841 


13 






^ 7 y ^ ?fc 


240 












240 










F X 7 ^ 7 

- H 


240 










r=J nT 


18240 


48335 


1070 a 


1476 



ft 

a) WiI*£(17 7K »^-<t^ -t^>3y(6 19), ftWFXt^>3 

1/ 

(2 4 6), 5)fflffi(13), fciW^y ^-*ig<b (15) <D&& 

b) 44 8M^^y^!J, ->y^/H5 0MHz/nt-7f©SPARC S 
tat 

i on20©CP U^ffl4(cS^< UtT^ra 

c) a. 1/— v'a lOOOWtyf^/l'P ">ty^S<3<o 

-43- 



(44) 2002-500789 

^rHfcJ; <0 ^nh<Dffi&*:. f±m^— 5^4 8 \zm&m^tVb% 2 <oJ8«J 

^tS' , >a7D-4fig^-fi/4 4 <t^l (D^ltl/l-— 5^4 6 (C?g^tb-5^3 CD 

^r-Y -yv'^7P-±^-f >4 4i$l O^ll/U— ^>-4 6 {CSSV^T, A73 
fit, S^ilXA^^-atf Soot^- H^^j- y ^- (W?lftj8ft(c:J;oT^«l$H 

piet) ^£K>mf&&thti a i%m<Dfctsb<Di/-rv mm<D/~- k • mc 

teh^Xffi&fDm^l&mzttLX 1 %(Ds<try b -'is? bt. m^&mzteV Z> 3 

^>(DmmmM<n^ft~>7 bxhv , ^^^m^t^ ^<Di/-ry * - 

l±1^(Dlil£lte, mi OcDif vt— tf^ff <t 1 0©7?/ h • if • -7^— • dr-r 
yi^'yh (at-the-money caplet) 07jfv ? -> 3 XDtf— b ~7 Or y 3rXfootc 0 



-44- 



(45) &m 2002-500789 

>^£i!fflU ^(D^, smSRiskMetricsTnoSSW^ ^ h K:*3tt5** ^> 
a7n-^5f^l 4t^ofc„ ^ (7)i'> LfcllO Jf- 1 7 n - 3> 

8 *>Pj<Z3tti*tt, 1 oASjK^t 1 ^ y<DM&%J€^ 1 o^s^^T 1 w 
^'<lftVN2o<Dy ;*^B^£ffr£U/t 0 8 icii Lfc 6 o<D-y-^ 

ft^Wt-, ^> t fc JEffi^- h 7 y V a R ^ , 3 0C75fiJ?|ft^±(D 1 0 
0 Oc75^V^^/Uu • v-7-y LTtfjlL^o £E 

&31>*bftfrZ>£. 1 0©^-yy h ' y ^-COV a R^tf^i" 

50^i&g&n#rate, #*j l 3 . 5mmx*h^fz 0 v aR&^WirZ>m^M*te1± 



-45- 



(46) #S 2002-500789 

~f (nine-year quarterly cap) ^4 3, 0 0 0 £A±<D*c ^ -y h^t@^-f 5 
tabs 10 0 o^yf*;wa • is-tv ^SHjfeffli-s-^ ^ > 3 ^icsjv^-c 
N W&O-fy y# • ^3— yi^Xst (Blackftillc «t 5- TThe Pricing of Options an 
d Corporate Liabilities, Journal of Political Economy 81 (1973) j &r#BB) 
<D4 3 0 0 7o®£k±<Dft&&&&b L/c Q 









2^ u xmmik : 
r 


R i s k M e t r 
i c s V a R fit 

ms. 9 o % 


1155. 57(100) 


1161.60(100. 52) 


1161. 18(100. 49) 


1 0 0 0 M C V 
a Rgifi 9 0 % 


1285. 44(100) 


1341. 78(104.38) 


1287. 72(100. 18) 


1 0 0 0 MC V 

a Rtsmm 9 5% 


1442.85(100) 


1486. 23(103. 1) 


1442. 16(100.09) 


1 0 0 0 MC V 

a Kmmm 9 9 % 


1828. 77(100) 


1891.20(103.41) 


1830. 36(100.09) 






312 


312 


mm (») 


24452 


12 


36 



a) /hJgSirt V a RtM*°- F 7 ^- D t© V a R Wi^i LT^f 
o (12) 

b) 44 8M^^y^^y, ->y7'/H5 0MHz7'Dtyt»SPARC S 
t a t i o n 2 0 (DC P U^ffiilcl^ < ^ffB^M 

c) =>. u— i/3 RiskMetricstDV a R"Cfi^< ->-i- U ^- • x V a 
— 2 OCT) ^-fi^ffl LT/ElgLfCo £ 4 (C^ Lfc <fc 9 Jd, ffllgTtf— H 7 

aR<7)4. 5%a^5: t&ftti*Z> 0 n Olgmt*, tf" JJ v=-7-/l- • h 7 * 



-46- 



(47) 2002-500789 

, ffil^- h 7^ y t(D vt y t • ^-^ V a R(i, EBfgL-CW£l/^— Y7ir 
V lr*\$.m LTf«L 7cV a RWO. 2 o/oWe&o fc 0 IEi* 0 -h7t 

ICteffl h7^-y (7c £ x.fif, ;KEI#fFfj 5 , 14 8, 36 

8 6 6, 3 0 3-§-(d|E«c$tL7t*ol^— h7t V tNSSD t©^^i^Olo 
f±s H7t y TfT^^I^^5^D a p-Cl#^c$n-CV^^< T^<tV^r 

i-3#j£K>m4&K*5V^ rgE*Qj ^fcfi TE^j ftffiterojg&^ibWfifc^nTV^ 

^5 0 ro^mwu ^h7ty^«it5it»«j;otit$^ 

-h7^-ytoyya-> 3 y^j:^£^t^ r^u^jt, *7t, (W^J; 

, M^ffite^mii^ lt riE^j -eftfcWT* ftm^a^^oj^p^-g-ipr 
im5, ^OJ; o teykZZ&ffi&te, fc£x.te\ John C. Hull(cj;5 TOption 
s, Futures and Other Der ivat i ves (3E) J 572(Prent ice-Hal I 1997) 



-47- 



(48) 2002-500789 

fc*tt^r#-c&*uf«fcv\, a±o#^(i-r-<-c, w^-h^^-y^-^, ^<t>^ 

fptlM^-/^-^ • ^*^A&<£fflbTgS&ftU:£j^5::£riST#5r 
„ JGE*fb/fV\, 

(2) ^a n n ^-r^ s *-lr y T'SfcttX !7 y 7*-> 3 V Oi^li , W~ U ^ • 

sfe**itf-^br*3i9, »±©^^i/-'> 3 y©fe*is 4 *°-b7tytoif 

o-market price) ig< ©^8Pft»»J£Mld£oT>K— h7t y ^OMH^iS 



-48- 



(49) Si2 00 2-500 7 8 9 

fE£ti<5 0 %z<& <fc o feJjfeli, C. AlbaneseiL. Secotd J: 5 THarmonic Analysis 
in Value at Risk Calculations] , Working Paper, RiskLab-University of To 
ronto(1996) (Finance and Stochastics/6>ibtti)i££*L"0^"5) {£#f£l&*vCV*5 

10 

Z . 







X 14 













































FIG. 1 



(50) 



%f$t 2002-500789 



10 2] 




FIG. 2 



-50- 



(51) 



002-500789 



m 3 ] 



-100 





mm??*- 










/ 








^^1" •£» 





110 



-120 



FIG. 3 



-51- 



(52) 



:2 002-500789 



[HI 4. ] 



38- 





40^ i 





42< 



3 



48 





C 



50 



44 

_Z_ 



46 



52 

1^ 



FIG. 4 



-52- 



(53) 2002-500789 



[0 5] 















(q,). 

(q 2 ). / 
(q 3 ). 


(dn), 
(d«). 

(d22>o 

(d 23 ). 


<Ti), 

<r 2 ). 




ft — Yy V 


(c) a 


(daiV 

(d 3a ). 

(d S3 )a 


(r 2 ) a 


->±y 3 



FIG. 5 



[He] 



&75 
40 

20 
0 



- 

















1995/07/22(0) 2003/01/22(2.741) 2010/07/19(5.476) 



FIG* 6 



(54) 



¥f& 2002-500789 



[12 7 1 



S75 
60.000 

40.000 

20.000-1 

0-000 



-20,000 



-40.000- 

1995/07/22 (0) 2001 /07/20 (2,190) 2007/07/ S9 (4.380) 



FIG. 7 



-54- 



(55) 



$$^2 002-500789 



INTERNATIONAL SEARCH REPORT 



tUBTf! uu Application NO 

PCT/CA 98/00519 



A. CLASSFICATJON OF SLIBUECT MATTER 

IPC 6 G06F17/60 



ftccoiang to mtemattona) Patent CtassjUcattonQPCj or to pom reoonaJ dasslttcatlon crM IPC 



b. fields Searched 



VAnimum docum»f4alion swarched (daesitication system fooowod bydaseUicaiton cvmt>ote) 

IPC 6 G06F 



Docurnemalion searched oifiar tfian minimum djocumertotloruo me «x*ent tnal sucn documents are included m th» (iada saarchad 



Electronic data base con&Utsd during the international &«arcri (name ot data baaa and, where practcal, aeerdh tarms t-Q6d) 



C. DOCUMENTS CONSIDERED TO GE RELEVANT 



Cataoorv * Citation ol doaanent. wih inrieatbn. where appicpriate. of the relevant passages 



EP 0 686 926 A ( DEM B0 RON S> 

13 December 1995 

cited in the application 

see column 5, line 58 - column 6, line 21 

see column 8 t line 36 - line 57 

see figure 1 

KOFLOWITZ L: "Hedging tools provide 

portfolio security blanket" 

WALL STREET COMPUTER REVIEW, USA, 

vol. 6", no. 6, (larch 1989, pages 42-43 T 45 

- 46 r 48, 50, 80-81, XP002078322 

ISSN 0738-4343 

see page 43, column l, line I - line 14 
see page 45, column 3, line 13 - line 28 

-/— 



Relevant to claim No. 



1-20 



1-20 



m 



Fun nor doc un>o rue ara listed in mo continuation ct bo* C. 



Palwit farrtily rnorrborc are idodin annex. 



* Spociat categories ot cSod documents : 

'A" dbcwnenl defining tne general otato of tho art wb«ch i» not 

conwdenxJ to be o( particular relevance 
"E~ oanier document bJtputlehod on or aft or tne r.tormtionaJ 

Kfmj date 

V cocunert wNen may mnv aoubu on priority aalrnut of 

whioh to citad to establish the publicotiondateof another 
c*B(tan or other special reason (as specified) 
*0* document rotor ring to an oral dtocloouro, ute, eKhtertion or 
afher means 

"P- document pubfehefl prior to tho International tilng oatfl but 
btor than the oner*/ dot* eJ aimed 



*t* »at»f Ooarrwr* puwcmd anor me international fieng oats 
or pnonty daw and not in conflict with tm application bu 
crted to unoeraiand II-* principle or theory unctertyrtg rh» 
invention 

*X* document o1 particular relevance: the claim** invanton 
zanrut be considBtadnowel oromoitia coostdQiod to 
m«*ye en inverttnra eiep when the docum&nt is taken atone 

*V' dJccumdnlofpartKuJarrefevarico:thocaun»dinvaiilkrn 

cannot bo considered to invoke an *nvonti*o depvvnontho 
documont io oombrned with one or *nor« other audh docu- 
ments, such combfrtaton befng covJoys to a pereon eidJlod 
in tn« an. 

14' document member o< tho same patent fcuniy 



Date ot tfle actual completion ot tneintomatiortat oearcn 



22 September 1998 



Dale of rraEKng ot the international search report 



07/10/1998 



Name and mating addroee of tha ISA 

European Patent Office. P B. 5816 Patent ban 2 
Ni - 2260 hV RJjawljK 
Tel. (+31-70) 340-2040, Tx. 31 B81 epo rrt. 
Fax; (+31-70) 340-3016 



AuOtortred officer 



Peeler sen, N 



Fonn PCTflSA«13<M0Ofil ihaet)(JU*y 



-55- 



(56) 



2002-500789 



INTERNATIONAL SEARCH REPORT 



intern ei Application wo 

PCT/CA 98/00519 



C.(Cci*lc*u*k>n> OOCUMENTS CONSIDERED TO BE QELEVANT 



Category * Citation of docunant. wWi torofcatioo. wharo *ppfopria>B, at tw Mtevantpamagss 



natewant to datm No. 



WO 92 15064 A (PRUDENTIAL INSURANCE 

COMPANY 0) 3 September 1992 

see page 1, 1 tne 1 - 1 tne 7 

see page 21, line 20 - page 22, line 16 

see page 25, line 7 - line 22 

see figure 1 

AZHAR S ET AL: "Oat a compression 
techniques for stock market prediction" 
PROCEEDINGS OF IEEE DATA COMPRESSION 
CONFERENCE ( DCC ' 94 ) , SNOWBIRD, UT, USA, 

29-31 March 1994, pages 72-82, 
XP002078323 

ISBN 0-8186-5637-9, 1994 1 LOS AlainltOS, 
CA, USA, IEEE Comput, Soc. Press, USA 
see page 72, line I - line 21 

EP 0 573 991 A (CANTOR FITZGERALD) 

15 December 1993 

see page 3, line 1 - line 5 

see page 3, line 33 - line 44 

see figure VI 



1-20 



1-20 



1-20 



farm PCI/IS A#1 0 (confauation of ssond cftMO Uot* 1 992) 



56 



(57) 



»* 2002-500789 



INTERNATIONAL SEARCH REPORT 



Pntent document 
cited in search report 



Publication 
date 



intern; ai Actuation No 

PCT/CA 98/00519 



Patem family 
members) 



PucHcadon 
date 



EP 0686926 
W0 9215064 
EP 0573991 



A 
A 
A 



13-12-1995 



US 



5799287 A 



25-0B-1998 



03-09-1992 



AU 



1584192 A 



15-12-1993 



JP 
US 



6052174 A 
5774880 A 



15-09-1992 

25-02-1994 
30-05-1998 



I 

I 



(58) 



2002-500789 



E P (A T, BE, CH, CY, 



DE, DK, ES, FI, FR, GB, GR, IE, I 
T, LU, MC, NL, PT, SE), O A (B F , BJ 
, CF, CG, CI, CM, GA, GN, ML, MR, 
NE, SN, TD, TG), A P (G H, GM, KE, L 
S, MW, SD, SZ, UG, ZW), EA(AM, AZ 
, BY, KG, KZ, MD, RU, TJ, TM), AL 
, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK, E 
E, ES, FI, GB, GE, GH, GM, GW, HU 
, ID, I L, IS, JP, KE, KG, KP, KR, 
KZ, LC, LK, LR, LS, LT, LU, LV, M 
D, MG, MK, MN, MW, MX, NO, NZ, PL 
, PT, RO, RU, SD, SE, SG, SI, S K, 
SL, TJ, TM, TR, TT, UA, UG, US, U 
Z, VN, YU, ZW 



ft-t¥\M ^/Uli/^^ 6 >— 3 fr> 
V K 211 



(72)^# 



V j-ffl ho>h if U > fcf/u X h 
y— h 25 T'<— hf^h 2003 



-58- 



